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ABSTRACT

Histoplasmosis has been reported since 1932 in various regions in Indonesia. This disease is caused by thermally dimorphic
fungus Histoplasma capsulatum var. capsulatum which is experiencing an increasing incidence worldwide. Human
infection occurs when spores in soil contaminated with bird and bat droppings are inhaled and change to form yeast in
the lungs. The majority of these forms of infection are mild and can heal on their own, but if large numbers of spores/
inoculum are inhaled, or the host is immunosuppressed, serious lung disease and even dissemination may occur with a
high mortality rate. The diagnosis can be made by combining clinical symptoms with laboratory test results. Conventional
laboratory methods such as direct examination or histopathology and culture are the gold standards for histoplasmosis
diagnosis. The weakness of culture is the nature of H. capsulatum as a slow grower fungus that takes 4-6 weeks to grow.
In addition, laboratory tests can be carried out with antibody detection or antigen detection. Antigen detection is more
beneficial for hosts with immunosuppression or acute form, while antibody detection is more important in the chronic
form of the diseases. Molecular-based assays have high specificity but are not yet available commercially and are more
widely used for culture identification to confirm the species of H. capsulatum. Histoplasmosis therapy usually begins
with the administration of amphotericin B for around two weeks, followed by maintenance with itraconazole for 6 - 9
months duration. A careful history of possible exposure and the appropriate laboratory diagnostic approach is essential
to provide appropriate therapy.

Keywords: Histoplasma capsulatum,; pulmonary; dissemination; laboratory diagnosis, antifungal.

ABSTRAK

Histoplasmosis telah dilaporkan sejak lama di berbagai daerah di Indonesia yakni sejak tahun 1932. Penyakit ini disebabkan
oleh jamur dimorfik bergantung suhu Histoplasma capsulatum var. capsulatum. Histoplasmosis saat ini tengah mengalami
peningkatan kejadian di berbagai penjuru dunia. Infeksi pada manusia terjadi ketika spora yang terdapat di tanah yang
dicemari oleh kotoran burung dan kelelawar terhirup ke saluran napas dan berubah menjadi bentuk ragi di paru-paru.
Pada umumnya bentuk infeksi ini bersifat ringan dan dapat sembuh spontan, namun bila spora/ inokulum yang terhirup
berjumlah besar atau pejamu dalam kondisi imunosupresi akan dapat terjadi penyakit paru serius bahkan diseminasi ke
seluruh tubuh dengan angka kematian yang tinggi. Diagnosis histoplasmosis dapat ditegakkan dengan menggabungkan
gejala klinis dan hasil pemeriksaan laboratorium. Metode laboratorium konvensional seperti pemeriksaan langsung atau
histopatologi, dan kultur adalah baku emas untuk diagnosis histoplasmosis. Kelemahan kultur terletak pada lamanya
waktu yang diperlukan untuk tumbuh sempurna agar dapat di identifikasi secara morfologis yakni mencapai 4-6 minggu.
Selain itu, pemeriksaan laboratorium juga dapat dilakukan dengan deteksi antibodi atau deteksi antigen. Deteksi antigen
lebih bermanfaat untuk pejamu imunosupresi atau bentuk akut, sementara deteksi antibodi lebih bermanfaat untuk
histoplasmosis kronik. Pemeriksaan berbasis molekular memiliki spesifisitas tinggi namun belum tersedia kit komersial
untuk penggunaan rutin dan lebih banyak digunakan

* Corresponding Author: untuk memastikan spesies. Terapi histoplasmosis biasanya
retnet@hotmail.com

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991
Open acces under CC-BY-NC-SA Share alike 4.0



67 Indonesian Journal of Tropical and Infectious Disease, Vol. 9 No. 2 May-August 2021: 66-77

dimulai dengan pemberian amfoterisin B selama kurang lebih dua minggu dilanjutkan terapi rumatan dengan itrakonazol
selama 6-9 bulan. Anamnesis yang cermat tentang kemungkinan riwayat pajanan dan pendekatan diagnostik laboratorium
yang tepat sangat penting untuk menegakkan diagnosis yang akurat sehingag dapat diberikan terapi yang tepat.

Kata kunci: Histoplasma capsulatum,; paru-paru; diseminata; diagnosis laboratorium, antijamur.

How to Cite: Wijaya, M., Adawiyah, R., Wahyuningsih, R. (2021). Histoplasmosis: Diagnostic and Therapeutic Aspect.
Indonesian Journal of Tropical and Infectious Disease, 9(2), 66-78.

INTRODUCTION

Histoplasmosis was first found in 1905 by
a pathologist named Samuel Taylor Darling,
who autopsied an African carpenter’s body
with irregular fever, weight loss, splenomegaly,
leukopenia, and anemia previously. On autopsy,
the cause of death initially was suspected due
to tuberculosis (TB). Nevertheless, smears
from the patient’s granulomas in the lung, bone
marrow, liver, and spleen revealed no TB bacilli.
Then Darling suggested that the microorganism
cause the disease was a protozoan and named it
Histoplasma capsulate (now Histoplasma
capsulatum).' In 1912, Henrique da Rocha-
Lima compared the findings of Darling’s slides
with fungal of Cryptococcus and concluded
Histoplasma capsulatum (Hc) was a species of
fungus rather than a protozoan then classified
into the kingdom Fungi with phylum Ascomycota
until now.23

The causative species comprised three
taxonomic varieties. Two distinct pathogenic
varieties for humans are H. capsulatum var.
capsulatum (Hee) and H. capsulatum var. duboisii
(Hed), whereas H. capsulatum var. farciminosum
is pathogenic in horses.*¢ In this review, we
will focus on histoplasmosis due to Hce, which
distributed more widely.

The infection due to Hc occurred when
spores located in polluted soil contaminate the
surrounding air then inhaled and transformed
into yeasts in the lungs.”-8 The fungus’ primary
habitat is soil contaminated with bird or bat
excreta and chicken droppings. Excrement from
several avian species has been incriminated in

enhancing the fungus’ growth due to nitrogen/
phosphate-enriched soil.>7»

The He infection can be the source of symptoms
in immunocompromised and immunocompetent
patients.!%!! The clinical spectrum of disease can
be severe and mortality high due to its ability to
disseminate.'> Hence, histoplasmosis became a
significant public health problem since the AIDS
pandemic era and more widely known with other
immunosuppressed conditions.'3!> Herein, we
review histoplasmosis diagnosis from clinical
features and laboratory diagnostic methods, with
a therapeutic approach depends on its clinical
finding.

EPIDEMIOLOGY

Indonesia’s first case of histoplasmosis was
first noted by Mueller in East Java, Indonesia,
in 1932.1¢ Histoplasmin skin test (HST)
methods previously suggested for diagnosis of
histoplasmosis in immunocompetent individuals.
This test can detect if people have been exposed
to Hc, which is similar to the tuberculin test that
can detect Mycobacterium tuberculosis exposure.
Nonetheless, HST is currently more widely
used in epidemiological studies to determine
histoplasmosis’s endemicity, not to diagnose
histoplasmosis.!”-!8 Historically, Indonesia
has done the HST in Jakarta, Surabaya, Bali,
and Medan in the 1900s with positive results
ranging from 12,5-63.6%.!° Since then, sporadic
cases of histoplasmosis have also been reported
from various other regions in Indonesia (Java,
Sumatera, and Sulawesi).!?22
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CLINICAL FEATURES

In immunocompetent hosts, most patients are
self-limited mild pulmonary infections remarkably
never recognized as being histoplasmosis.?3-24
However, in immunocompromised patients or
extreme of age or ensuing inhalation, a large
inoculum typically presents as a pulmonary
disease with diverse manifestations. Those features
including acute pulmonary histoplasmosis,
chronic cavitary pulmonary histoplasmosis,
a complication of pulmonary histoplasmosis,
and progressive disseminated histoplasmosis
(PDH)-25727

Symptomatic acute pulmonary histoplasmosis
is a self-limited disease and often presents in
children or adolescents when exposed to the
environment’s organisms. Symptoms of flu-like
syndromes consist of fever, malaise, dyspnea, dry
cough, and pleuritic chest pain arising at a median
of two weeks after exposure. Chest radiographs
show diffuse bilateral patchy infiltrates, while
chest computed tomography (CT) frequently
shows enlarged hilar lymph nodes or mediastinal.
A careful history of Hc’s possible inhalation is
essential to arrive at the appropriate diagnosis
due to similarity with community-acquired
bacterial and viral pneumonia. Acute severe
pulmonary infection occurs when the host is
immunocompromised or inhale a large inoculum
of Hc conidia. Patients with this condition and
who have severe dyspnoea may develop acute
respiratory distress syndrome rapidly.?427:28
Infection may also be subacute, which evolves
slowly over several weeks after exposure to
smaller inocula. Subacute manifestations may
present with milder symptoms yet more persist
with respiratory and constitutional symptoms e.g.,
cough, fever, and malaise that last several weeks
to a month.26-27

The manifestation of chronic
cavitary pulmonary histoplasmosis occurs
primarily in the elderly with underlying structural
pulmonary disease or smoking history. The
previous history of pulmonary disorders
(e.g., emphysema) causing disturbance of
Hc clearance, resulting in long-lasting latent
inflammation occurs adjacent to preexisting

bullae, leading to large cavitary lesions.?3:26:27
Clinical manifestations that can occur include
chronic productive cough, hemoptysis, dyspnea,
chest pain, nonspecific fever, night sweats,
fatigue, and weight loss. These clinical symptoms
can take months to years. Chest imaging may
demonstrate focal or diffuse infiltrates, nodules,
consolidations, and cavitation, commonly in the
lung’s apical region. In the late phase, we may see
interstitial fibrosis and pleural thickening. Clinical
and chest imaging features resemble other
chronically destructive pneumonia, including
TB and other pulmonary fungal infections like
chronic pulmonary aspergillosis.?”2° In Indonesia,
where TB is endemic, the differential diagnosis of
histoplasmosis should be considered, especially
in multidrug-resistant TB. The progression of
the chronic form is slow but can be fatal if left
untreated.?3-26-27-30

Sequelae of pulmonary histoplasmosis
mostly are asymptomatic calcifications and
calcified mediastinal/ peribronchial lymph
nodes. Nonetheless, progressive complication
leads to obstructive symptomatology, including
mediastinal granuloma, mediastinal fibrosis,
and broncholithiasis can occur though are rare.
Other uncommon manifestations seen in sequelae
histoplasmosis patients include: pericarditis,
arthralgias, erythema nodosum, and erythema
multiforme.?427

The spectrum of PDH more likely to occur in
the immunocompromised population. Before the
frequent use of immunosuppressive therapy, PDH
was seen predominantly in infants. Currently,
most cases of PDH were reported in HIV-
infected patients, especially with CD4 cells
<150/uL.23 Other immunocompromised patients
are at risk of developing PDH, including those
with the recipient of organ transplantation,
hematologic malignancies, and long-term
immunosuppressive therapy.3! Nonetheless, PDH
has also been described in immunocompetent
patients, apparently due to extensive inocula
exposure.3132 A discrete source for disseminated
infection often is unclear whether the disease
is due to primary infection or reactivation.
The clinical syndrome of PDH consists of
respiratory symptoms with prolonged fever,
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fatigue, weight loss, and night sweats. In patients
with disseminated histoplasmosis, an enlarged
liver and spleen may be found. In addition, diffuse
lymphadenopathy is often found.?3:2427 The
spectrum of this PDH in HIV-infected patients
is not specific and hard to distinguish from other
infectious diseases, such as disseminated TB,
therefore delay the diagnosis.33-3 Laboratory of
a patient with PDH often reveals pancytopenia,
elevated liver enzymes, elevated C-reactive
protein (CRP), lactate dehydrogenase (LDH), and
ferritin.23-32:36-38 The most common dissemination
PDH is the reticuloendothelial system, including
liver, spleen, bone marrow, and lymph nodes. The
oral mucosa also has been reported as the most
affected site of dissemination.?327 Meanwhile,
the skin is not a common extrapulmonary site
of PDH, except in patients with advanced
HIV infection.?33° The cutaneous involvement
lesions vary from papules, pustules, plaques,
ulcers, wart-like lesions, and even erythema
nodosum.3? These lesions are usually affected in
the face, extremities, and trunk.*® A nonspecific
clinical features of PDH cause history of patients
living in endemic areas or probably has recent
epidemiologic exposures should be maintained
in immunocompromised patients.?3-27

LABORATORY DIAGNOSTIC METHODS

The European Organization for Research and
Treatment of Cancer and the Mycoses Study
Group Education and Research Consortium
(EORTC/MSGERC) have defined criteria for
a proven diagnosis of invasive fungal from
dimorphic fungi. A proven (gold standard) criteria
for histoplasmosis diagnosis is a positive culture
or histopathology or direct microscopy of Hc
from clinical specimens (bone marrow, blood,
biopsied tissue, sterile fluids, or respiratory
specimens). If all proven criteria are not available
or showed a negative result, but the patient
is immunocompromised with typical clinical
features, evidence of environmental exposure
to the fungus, and the presence of Histoplasma
antigen in any body fluid, the diagnosis is
considered probable.*! Laboratory methods

for diagnosis histoplasmosis include direct
examination, culture, histopathology, antigen/
antibody detection, and molecular. These
tests’ sensitivity is related to several variables,
consisting of the patient’s clinical form (acute/
chronic pulmonary or disseminated), immune
status, clinical specimens, and fungal burden.*?

Direct examination

Direct examination of clinical specimens
consists of KOH wet slide examination and
histopathology investigation.

KOH wet slide

Examination under microscope using
potassium hydroxide (KOH 10%) is a rapid way
still have very low sensitivity and specificity for
diagnosis.*3** Meanwhile, calcofluor white stain
examination under the fluorescent microscope
may increase Hc’s detection; however, the
yeast visualization is not pathognomonic.*?
Furthermore, the direct examination requires
highly trained professionals to make a proper
diagnosis.

Histopathology

Histopathologic examination using specific
stains that exhibit Hc’s yeast-like structures is
a definitive and rapid way for histoplasmosis
diagnosis, especially disseminated form. The

Table 1. The sensitivity of laboratory methods
based on the patient’s clinical form of

histoplasmosis*%-30-38
Methods Acute Chronic Progressive
pulmonary pulmonary disseminated

Culture 0(3),42(19* 66.7 (6)* 74.2 (132)»
Pathology  0(2),20 (10)* 75 (4)» 76.3 (76)°
Antigen 83.3 (6), 83 87.5 (8 91.8 (158)"
detection (29)*
Antibody 66.7 (6), 64 83396  75@80)"
detection 28)*
Molecular NA NA 95 (NAY#

All data showed in percentage (%), The number in parentheses represents
the number of patients who were tested ” cited from:[49], *cited from:[50],
#cited from: [58]
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samples could be obtained from tissues or
body fluids. 41,42,44 The sample-taking
procedure of touch biopsy is less invasive
and feasible for diagnosis of disseminated
histoplasmosis with cutaneous involvement.45
However, a clinical specimen from other sites
such as bone marrow aspiration and biopsy is
invasive. Furthermore, professional expertise

is mandatory to differentiate Hc yeast from
other fungal pathogens such as Blastomyces
dermatitis, Candida glabrata, Coccidioides sp,
Cryptococcus sp, Emergomyces sp, Pneumocystis
Jirovecii, Talaromyces marneffei, and Leishmania
donovani.'447 The sensitivity of the pathology
assay varies according to histoplasmosis’s clinical
manifestation (Table 1).

Figure 1. Histopathologic examination of Histoplasma sp. A) Umbilical cord with HE staining, B) Umbilical cord
with GMS, C) Bone marrow aspirate smear with Wright - Giemsa, D) Touch biopsy of the skin with Giemsa.
The arrows are demonstrating numerous ovoid intracellular yeast cells surrounded by hyaline hallo within
macrophage (1000 X magnification). Images A and B courtesy of Dr. Kenneth Chang and Dr. Aw Sze Jet,
Department of Pathology and Laboratory Medicine, KK Women's and Children's Hospital; Singapore.
Images C and D courtesy of R. Wahyuningsih, Parasitology Laboratory, Faculty of Medicine, Universitas

Indonesia.
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Histoplasma capsulatum characteristic
yeasts are ovoid with a clear halo-like capsule
surrounding, divide by narrow-based budding, and
predominantly intracellular (within macrophages
and giant cells). The yeast diameter measure is
around 2-4 um.33 Specific pathologic stains for
identifying yeast cells of Hc include hematoxylin
and eosin (H&E), Gomori methenamine-silver
(GMS), or periodic acid-Schiff (PAS). Meanwhile,
Wright-Giemsa stains may be used to rapidly
discover yeast cells of He in peripheral blood or
bone marrow aspirate smears (Figure 1).46:48

Culture

Histoplasma isolation in culture is still
considered the gold standard for diagnosing
histoplasmosis. Nevertheless, the process is
so time-consuming and requires a biosafety
level 3 laboratory. Clinical specimens from
patients suspected of histoplasmosis might
be inoculated onto an appropriate culture
medium, e.g., Sabouraud dextrose agar (SDA) or
Brain-Heart infusion (BHI) agar. When culture
incubated at 25-30°C, it needs 4 to 6 weeks to
be detectable as a mold with cream to brown
cottony colonies (Figure 2A). After a colony is

identified on medium, a lactophenol cotton blue or
lactoglycerol/ lactophenol slide can be performed
to establish mold morphology. Microscopic
identification of mold morphology will show
septated hyphae at first, followed by microconidia
based on the maturity of the mycelia phase. The
smooth microconidia diameter varies from 2 to 5
um, followed by tuberculate macroconidia form
with 7 to 15 pm in diameter (Figure 2B).2442

Since Hc is dimorphic fungi, if the mold
form incubates at 35-37°C, it will transform into
yeast phase and commonly occurs within 2 to 4
weeks. Previously conversion method was used
as a confirmed diagnosis, but the conversion
rate is low, so developed countries have left it
behind.?>*? The sensitivity of the culture-based
methods is dependent on the fungal burden.
Samples from patients with disseminated
histoplasmosis reveal higher sensitivity which is
74%, than in acute pulmonary histoplasmosis is
42% (Table 1).49->0

Antigen detection

Antigen detection is a laboratory method
that allows a less invasive, rapid, and sensitive
diagnosis of acute and disseminated histoplasmosis

Figure 2. A) Culture of Histoplasma capsulatum at 25°C, B) Microscopic of lactophenol/lactoglycerol stained
showed tuberculate macroconidia, a characteristic morphological structure of Histoplasma spore, 400x
magnification. (Images courtesy of R. Wahyuningsih (Parasitology laboratory, Faculty of Medicine,
Universitas Indonesia).
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where the burden of infection is high.!® During
infection with Hc, antigens

are released by fungal cells into the tissues and
enter body fluids adjacent to the site of infection,
such as serum (blood) fluids, bronchoalveolar
lavage (BAL), urine, and cerebrospinal fluid
(CSF). It allows as a useful method for rapid
diagnosis of histoplasmosis and for monitoring
the effect of therapy. 17184851

Antigen assay for histoplasmosis was
first developed in 1986 using a sandwich
radioimmunoassay in urine and serum
specimens—a radioimmunoassay assay based
on detection of polyclonal rabbit antibodies
against Histoplasma galactomannan. In 1997, the
Histoplasma antigen detection method was adapted
to enzyme immunoassay (EIA). The EIA method
was then developed into the second generation
in 2004 to prevent false-positive results due to
human anti-rabbit antibodies. In 2007, the third
generation of Histoplasma EIA examination was
launched with a quantification test’s superiority
with higher specificity (MiraVista H. capsulatum
Galactomannan EIA). This EIA examination can
be done with a kit from MiraVista Diagnostics.
However, the test can only be done in-house
compared to the ALPHA Histoplasma EIA test
from IMMY commercially available and does
not have to be in its laboratory. The use of the kit
from IMMY then also received approval from the
Food and Drug Administration (FDA) on urine
specimens and can be used in local facilities.
Besides, the IMMY test was recently modified
using monoclonal antibodies, which significantly
increased its sensitivity.*?

Histoplasma antigen tests on urine specimens
generally proved slightly more sensitive than
serum for diagnosing all forms of histoplasmosis.
Moreover, combining both urine and serum testing
enhances the sensitivity of antigen detection.?’ In
a recent study, specimens from BAL fluid may
increase histoplasmosis diagnosis sensitivity.3?
Other specimens such as CSF may be useful too
in the diagnosis of Histoplasma meningitis.>
A meta-analysis study in 2016 that evaluated
the diagnostic performance of the Histoplasma
antigen test showed that the overall sensitivity
of the test in serum and urine was 81% while the

specificity was 99%.3* While the sensitivity based
on clinical manifestations varied (Table 1).

A limitation from the Histoplasma antigen
assay is the remarkable cross-reactivity with
other dimorphic fungal, such as Blastomyces
dermatitidis, Paracoccidioides brasiliensis,
Talaromyces marneffei, Coccidioides immitis, and
Emergomyces sp. Another cross-reactivity has
also been reported with Platelia Aspergillus EIA
which the false-positive result is correlated with
the concentration of positivity Histoplasma antigen
EIA.>° Unfortunately, the antigen detection kit for
histoplasmosis not yet available in Indonesia. Thus,
meticulously morphological identification is the
primary key for laboratory clinicians.

Antibody detection

Antibody detection-based tests may provide a
rapid diagnosis; however, unsuitable for an early
acute form of infection Hc. The newly formed
antibodies can be detected in peripheral blood
about 4 to 8 weeks after exposure to Hc and
then persist for years.20:#> Therefore, antibody
detection is more suitable for diagnosing subacute
and chronic forms of histoplasmosis (Table 1).
Besides, this test has significant limitations,
particularly in immunocompromised patients,
who are unable to enhance the humoral immune
response, so false negatives can occur.>®

The available methods of antibody detection
tests against Hc are EIA, complement fixation
(CF), immunodiftfusion (ID), latex agglutination
(LA), and Western blot (WB).4244 The most
sensitive antibody detection test for histoplasmosis
is EIA but has high false-positives results. The
low specificity of the EIA test makes it has not
been standardized across laboratories.?® The CF
and ID are generally performed in reference
laboratories due to their reliability and potential
cost-effectiveness.*® The CF performance is more
sensitive than ID but less specific. The ID detects
antibodies that bind to H and M fungal antigens
of Hc. The H band (20%) is rarely seen as M
band (80%). However, when H band is present
indicates acute infection. Meanwhile, the M band
is more commonly seen but couldn’t tell the
difference between active from latent infection
or resolved histoplasmosis.*? The ID specificity
i1s 100%, whereas sensitivity ranges from 70 to
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95%, depending on histoplasmosis’s form.*® The
commercial LA tests, which are commercially
available, showed false positives in patients
with TB and should be aware by clinicians.'®
Currently, a study to validate the WB assay for
diagnosis histoplasmosis showed high sensitivity
(94.9%) and specificity (94.1%).%7

Molecular

Molecular methods that can detect
Histoplasma DNA for diagnosis are highly
specific. Nonetheless, there are no commercial
and FDA-approved molecular tests to detect
Hc from clinical specimens directly.** DNA
probes exist commercially but are used for
definite identification from positive cultures
rather than from direct clinical specimens. Thus,
several studies are currently developing direct

Hc detection trials from clinical samples.*?
The performance of the molecular tests in the
diagnosis varies according to the clinical form
of histoplasmosis. A meta-analysis study showed
the overall sensitivity of the molecular tests from
different types of specimens, e.g., tissue biopsy,
respiratory, blood, and bone marrow samples
for diagnosing disseminated histoplasmosis was
95%, and the specificity was 99% (Table 1).38

TREATMENT

The recommended therapy for histoplasmosis
differs according to the patient’s clinical spectrum
(Table 2). Treatment is indicated in patients with
severe or moderately severe acute pulmonary,
chronic cavitary pulmonary, disseminated, and
central nervous system (CNS) histoplasmosis. The

Table 2. Treatment of histoplasmosis according to the patient’s clinical spectrum?+-9:60

Clinical spectrum of
histoplasmosis

Recommendation

Notes

Acute pulmonary (moderately
severe or severe)

Acute pulmonary (mild to
moderate but with symptoms
> 4 weeks)

Chronic cavitary pulmonary

Progressive disseminated

CNS histoplasmosis

AmB lipid complex (3-5 mg/kg/day IV) or d-AmB (0.7-1 mg/kg/
day IV) for 1-2 weeks or until the patient is clinically stable, then
switch to itraconazole 200 mg PO two times a day for >12 months

Methylprednisolone (0.5-1 mg/kg/day IV) for 1-2 weeks

Itraconazole PO 200 mg two times a day for 6-12 weeks

Itraconazole PO 200 mg two times a day 12 months

Liposomal AmB (3 mg/kg/day IV) or AmB lipid complex (3-5
mg/kg/day IV) or AmB deoxycholate (0.7-1 mg/kg/day IV) for
1-2 weeks or until the patient is clinically stable then switch to
itraconazole PO 200 mg 3 times a day for three days, and then
200 mg two times a day for >12 months.

Liposomal AmB (5 mg/kg/day IV) for 4-6 weeks, then switch to
itraconazole 200 mg PO two/ three times a day for >12 months

One liter of normal

saline (NaCl 0.9%) can

be administered before
administration of d-AmB to
reduce the nephrotoxicity
effect. Most available in
Indonesia is d-Amb

Combination with steroid is
recommended for patients
who develop respiratory
complications, e.g.,
hypoxemia/ significant
respiratory distress

Absorption of the capsule
formulation is affected

by gastric pH, which is
improved if given with food
and carbonated drink

Treatment could be
extended to 18-24 months
to minimize the risk for
relapse

More prolonged treatment
may be required in patients
with persistent
immunosuppression
condition

Description: AmB: amphotericin B; d-AmB: Amphotericin B deoxycholate; I'V: intravenous; PO: peroral
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antifungal agent that has been proven to be effective
include amphotericin B (liposomal amphotericin
B, amphotericin B lipid complex, amphotericin
B deoxycholate) and itraconazole.>®

Amphotericin B deoxycholate (d-AmB)
is a polyene antifungal agent administered
intravenously by infusion in 2-4 hour intervals.
The dosage for histoplasmosis is 0.7-1 mg/kg/day
and can be given approximately two weeks. The
administration of this drug may cause adverse
side effects, divided into acute and chronic
reactions. Feasible acute reactions include chills,
fever, and tachypnea, which occur 30 to 45
minutes after the first dose. Premedication with
paracetamol or corticosteroids can be given to
diminish the reaction. Its chronic adverse effect
is nephrotoxicity, which is dose and infusion-
related. The mechanism of nephrotoxicity due
to d-AmB is decreasing glomerulotubular renal
flow. Isotonic saline administration before d-AmB
may preserve renal function. Clinical features
of other kidney effect include hypokalemia, and
distal renal tubular acidosis, which can be treated
with potassium and bicarbonate.®0

The primary azole group for histoplasmosis
treatment is itraconazole that can be given for
6-9 months. Fluconazole may be utilized as
a second-line agent but not as efficacious as
itraconazole. Other azole antifungal agents
such as voriconazole and posaconazole may be
effective for histoplasmosis treatment; however,
there are inadequate clinical experience data.
While the echinocandins should not be used
because they showed limited in vitro activity
against Hc.27:4459

SUMMARY

Histoplasmosis is a disease caused by the
fungus Hce, which is distributed worldwide.
The infection occurred when the conidia of Hc
inhaled and transformed into yeasts in the lungs.
This fungal infection can cause symptoms in
immunocompromised and immunocompetent
patients. The majority of patients are self-

limited mild pulmonary infections remarkably
never recognized as being histoplasmosis in
immunocompetent individuals. However, in
immunocompromised patients or extreme of
age or following inhalation, a large inoculum
typically presents as a pulmonary disease with
diverse manifestations. The

Clinical features include acute pulmonary
histoplasmosis, chronic cavitary pulmonary
histoplasmosis, a complication of
pulmonary histoplasmosis, and progressive
disseminated histoplasmosis (PDH).

Isolation of Hc from clinical specimens
remains the gold standard for the diagnosis of
histoplasmosis. However, it takes 4-6 weeks
to be identified and needs a high laboratory
requirement. Alternately histopathology methods
with Wright-Giemsa stains may be used to rapidly
detect yeast cells of Hc in peripheral blood or
bone marrow aspirate smears.

In recent years, the number of
immunocompromised individuals and travelers
from and to endemic areas histoplasmosis
increases. Also, Indonesia has HST sensitivity
above the global scale of histoplasmin sensitivity,
which supports an endemic area, e.g., Jakarta,
Surabaya, Bali, and Medan in the 1900s.
Therefore, physicians need to be aware of this
infection because the clinical feature can mimic
other pulmonary diseases. A careful history of
possible exposure and the appropriate diagnostic
approach described above is essential to provide
appropriate therapy.
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ABSTRACT

Coronavirus Disease-19 (COVID-19) adalah penyakit yang disebabkan oleh Severe Acute Acute Respiratory Coronavirus-2
(SARS-CoV2) yang berasal dari China, menyebar dengan cepat ke seluruh bagian negara lain yang menyebabkan pandemi
dunia. Dengan derajat gejala yang bervariasi yang disebabkan oleh COVID-19, virus ini menyebabkan kerusakan pada
beberapa organ, baik karena efek inflamasi tidak langsung maupun efek sitopatik. Data terkait keterlibatan pankreas
dalam kasus COVID-19 masih belum jelas. Seorang laki-laki usia 83 tahun dirawat karena gejala COVID-19 berat.
Dalam perawatan, pasien memberikan gejala dan tanda pankreatitis akut tanpa diketahui faktor resiko yang terkait.
Pada pemeriksaan didapatkan RT-PCR SARS-CoV?2 positif dari swab nasofaring, amilase lipase yang meningkat serta
gambaran ultrasound khas untuk pankreatitis akut. Tatalaksana pasien tetap berdasar pada kasus SARS-CoV2 dengan
isolasi, oksigenasi, pemberian anti virus dan suportif. Pemberian antibiotik juga didasarkan pada terapi empiris yang
kemudian disesuaikan hasil sensitifitas kultur. Skor prognosis pankreatitis menunjukkan risiko kematian pada kasus
moderate. Pada perjalanan, pasien meninggal karena shock sepsis. Prevalensi pankreatitis akut dan tingkat keparahannya
perlu diamati. Dalam artikel ini, kami menyajikan kasus pankreatitis akut yang terjadi pada COVID-19 parah dengan
faktor risiko yang tidak diketahui.Diagnosis penyebab kasus pankreatitis masih belum jelas tetapi beberapa bukti autopsi
kasus infeksi SARS-CoV?2 dengan pankreatitis menyebutkan bahwa infeksi virus ini dapat menyebabkan injuri pada
pankreas.. Kondisi sepsis dapat diakibatkan infeksi virus SARS-CoV?2 (viral sepsis) atau ko-infeksi bakteri. Oleh karena
itu, rasionalisasi penggunaan antibiotik juga diperlukan. Kasus ini merupakan kasus yang membutuhkan managemen
holisitik dan intensif karena kedua kondisi berpotensi dapat memperberat satu sama lain. Pengenalan awal kegawatan
serta terapi tepat merupakan hal yang penting dapat menunjang kesintasan pasien.

Keywords: Pancreatitis, Infectious disease, COVID-19, Organ damage, Sepsis

ABSTRACT

Coronavirus Disease-19 (COVID-19) is a disease caused by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV2) came from China, this disease is highly infectious causing rapid spread throughout the world. COVID-19 had various
of symptoms, manifestation, and also degree to cause multiorgan dysfunctions either due to indirect inflammatory effects
or cytopathic effects. Data regarding the involvement of the pancreas in COVID-19 cases is still unclear. An 83-year-old
man was being treated for severe COVID-19 symptoms. He had received treatment for severe COVID-19. Unfortunately,
during hospitalization, the patient presenteds the symptoms and signs of acute pancreatitis without any known risk factors.
Physical findings supported the diagnosis criteria for acute pancreatitis. Moreover, supporting examination found a positive
SARS-CoV2 RT-PCR from a nasopharyngeal swab, increased amylase lipase and a typical ultrasound image for acute
pancreatitis. Patient management wasremains based on COVID-19 cases witconsisting ofh isolation, oxygenation, antiviral
and other supportive medical treatment. Antibiotic administration wasis also based on empirical therapy which wasis then
adjusted for the results of culture sensitivity. Although the

* Corresponding Author: etiology diagnosis of this patient was uncertain, we assumed
satriyo.dwi.suryantoro@fk.unair.ac.id SARS-CoV2 infection couldan cause injury to the pancreas.
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We did observe patient based on clinical and laboratory findings other than that based on Ranson's Score the patient wais
in poor prognosis. Eventually patient died due to septic shock. Sepsissis conditions in COVID-19 patients could be due to
viral sepsis and bacterial co-infection. Therefore, a rationalization of the use of antibiotics isis also needed. This case is
a case that requires intensive and holistic management because the two conditions can potentially aggravate each other.
Early recognition of emergency and appropriate therapy is important to support patient survival.

Kata kunci: pankreatitis, pandemi, COVID-19, kerusakan organ, sepsis

How to Cite: Romadhon, PZ., Suryantoro, SD., WindrAdi, C., Mahdi, BA., Agustin, ED., Nurul, WK., Novendrianto, D.
(2021). Manifestations of Acute Pancreatitis in Severe COVID-19 Patients: Is This a Coincidence?. Indonesian Journal

of Tropical and Infectious Disease, 9(2), 79-84

INTRODUCTION

SARS-CoV2 causes COVID-19 infection
that until now has become a world pandemic
13 Coronavirus (CoV) is a group of enveloped
viruses possibly identified in animals. Some
CoV found in animals may precipitate infectious
diseases, such as viral gastroenteritis (TGEV),
porcine epidemic diarrhea virus (PEDV), avian
infectious bronchitis virus (IBV), and swine acute
diarrhea syndrome coronavirus (SADS-CoV)*©,
COVID-19 also came with extrapulmonary
manifestations which involve the role of the
ACE2 receptor. This may include neurological,
renal, hepatic, gastrointestinal, thromboembolic,
cardiac, endocrine, and dermatology systems
7.8 To date, the most common gastrointestinal
manifestations of COVID-19 are nausea,
vomiting, diarrhea, abdominal pain °-13. However,
in our case. the occurrence of acute pancreatitis
without an understandable risk factor was the
direct injury to the pancreas gland by SARS-
CoV2 6,

CASE

Mr. S, 83 years old, came with tightness 2-3
days ago getting more severe for two days. The
patient did not previously complain of having
fever and runny nose. There are no complaints
of nausea or vomiting. Sometimes the patient
complains of abdominal pain so that he is merely
able to eat half of the usual portion. Daily, the
patient can still do activities such as bathing,
walking, and wearing clothes. However, since

then, the patient was unable to carry out his
activity. He was weak and only able to lie down
and sit with assistance. The patient started having
a cough 2 days ago, thus the abdominal tightness
was getting worse when coughing. The patient
self-checks peripheral oxygen saturation at home
and turned out only 72-75% room air. The patient
did not previously have diabetes mellitus but had
a history of hypertension with heart disease. There
is no history of drinking alcohol. The patient takes
Clopidogrel 75 mg once daily and Bisoprolol 2.5
mg once daily.

Respiratory muscles were found retracted.
Neither Ronchi nor wheezing was heard from
the lung examination. The apex beat is dilated,
which is in line with cardiomegaly figured out
on x-ray. Initial examination revealed a positive
SARS-CoV2 antigen swab with a chest x-ray
showing pneumonia (see Figure 1). Naso-
oropharynx polymerase chain reaction (PCR)
swab was positive for SARS-CoV2 with CT 27.5.

Figure 1. Pneumonia COVID-19 chest x-ray.
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Laboratory findings showed Hb 14.2 g/ dl, white
blood count 6530 u/1, urea 69.8; serum creatinine
2.84, D-dimer 8.54. Blood gas analysis showed
moderate to severe hypoxia with pH 7.43; pCO2
24, pO2 146, BE 17, HCO3 16.2, Sa02 96. The
patient received supportive and symptomatic
treatments such as oxygen supplementation,
Meropenem, Nebivolol, Codeine, Dexamethasone
for ten days, Fondaparinux, and Remdesivir drip
for five days.

On the third day of treatment, we found that the
patient's right upper abdominal pain was severe.
Unfortunately, our abdominal examination found
discoloration of the left flank that we suspect as
pancreatitis (see Figure 3). Subsequent laboratory
tests showed an increase in amylase number 138
U / L and lipase 200 U / L with normal liver
function. Serum cholesterol was normal. The
inflammatory markers of CRP did not show an
increase of 0.7 mg / L while procalcitonin was
0.36 ng / mL. Abdominal ultrasound results
showed a slightly enlarged pancreas with a
very hypoechoic structure (see Figure 2). At the
current examination, we found a positive Ranson
prognostic Ranson’s score for acute pancreatitis
for the variable age 83 years. However, after a
48-hour evaluation, there was a positive Ranson
criterion for increased hematocrit, urea, and
base excess deficit. Therefore, the prognosis of
mortality is around 11-15%.

Figure 2. Ultrasonography of Pancreatitis.

Based on the results of the examination, the
patient was diagnosed with COVID-19 and acute
pancreatitis. Some of the most common etiologies
of pancreatitis are etiologies such as gallstones,
alcohol, pancreatitis-causing drugs such as
furosemide, thiazide, sulfa, hypertriglyceridemia,
other viral infections, autoimmune, posttraumatic
were not found in this patient. Besides, the use
of Clopidogrel might considerably be also one
of the triggering factors since Lai et al. declared
that persons actively consume Clopidogrel were
at 8.46-fold increased odds for acute pancreatitis.
2’therefore, However, Tthe diagnosis of the
cause of acute pancreatitis can be confirmed by
autopsy to detect SARS-CoV?2 in pancreatic cells.
But we could not nt performed it because this
examination was not done routinely.

However, we still manage patients according
to the management of acute pancreatitis. At the
time of the initial diagnosis of pancreatitis, the
patient was fasting and receiving parenteral
nutritional support, adequate fluid administration,
also antibiotics according to culture results. The
results of the patient’s blood culture showed the
growth of staphylococcus sp. then we changed
the antibiotic treatment based on the results of
the sensitivity test. Meanwhile, the patient has
received Remdesivir as the anti-viral agent.
Unfortunately, the patient falls into a state of
septic shock then the patient died.

Figure 3. Abdominal appearance indicating
suspicious acute pancreatitis.
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DISCUSSION

COVID-19 often manifests as respiratory
complaints, but extrapulmonary ones require extra
attention. Recent studies show that gastrointestinal
symptoms can reach 50% with symptoms such
as nausea (17.3%), diarrhea (12.9%), anorexia
(12.2%), abdominal pain (5.8%). Meanwhile, in a
journal written by Wang et al, in a case series, nine
people had acute pancreatitis along with COVID-
19 infection. Liu et al wrote that 17% of the 67
cases of severe COVID-19 had acute pancreatitis,
although only 7.46% of the pancreatic injury was
able to be captured by computed tomography '4
16

COVID-19 utilizes angiotensin-converting
enzyme 2 (ACE2) as a receptor for the entry of
viruses into human cells. ACE2 receptors are not
only in the lungs but also widely spread in the
esophageal, enterocyte, cardiovascular, renal,
and pancreatic epithelial cells. Surprisingly, the
amount of ACE2 RNA messenger was found
more in the pancreas than in the lungs. ACE2
expression took both in the exocrine glands of the
pancreas and in the islet cells. The spike protein
(S) acts as a support for the ACE2 receptor.
Expression of ACE2 and transmembrane serine
protease 2 (TMPRSS2) that plays a vital role in
the successful fusion of SARS-CoV2 into human
cells, is found in B cells of the pancreas 7.

Acute pancreatitis is a condition when
the pancreas is inflamed. This inflammatory
process may be confined to the pancreatic or
peripancreatic tissue. The causes of this AP vary
while severity also is divided to different degrees
12,17-19 ' The most common risk factors for acute
pancreatitis are gallbladder disease (often caused
by choledocholithiasis) and chronic alcohol
consumption. Acute pancreatitis is defined as the
presence of typical pancreatic abdominal pain,
an increase in serum amylase/lipase more than
three times of regular value, and ultrasound, CT,
or MRI imaging findings support the diagnosis
19-21

In these patients, we found no risk factors
that could explain the development of acute
pancreatitis. Some of the most common
pancreatitis etiologies such as gallstones, alcohol,

pancreatitis-causing drugs such as furosemide,
thiazide, sulfa, hypertriglyceridemia, other viral
infections, autoimmune, posttraumatic. No
medical history of the patient seemed to cause
the pancreatitis, but the use of Clopidogrel might
possibly trigger it. His past medical history and
drugs does not support the variable causes of
pancreatitis. Patients with acute pancreatitis often
have positive blood culture results when a systemic
infection is found, especially in patients who have
previously undergone intra-biliaer procedures.
The results of blood culture in the most common
acute pancreatitis patients were Escherichia coli
and Klebsiella sp. Those systemic infection could
be fatal. In this patient we found his blood culture
positive for Staphylococcus sp meaning the source
of infection could be anywhere that precipitate the
septic state. Therefore, it is consistent with several
similar case reports that it is possible to injury the
pancreas in a patient with COVID-19 2.19_In fact,
in several observational case-control studies on
pancreatic injury, there was an increase in serum
amylase/lipase as a marker of pancreatic damage
in 8.5-17.3% of cases. Interestingly, pancreatic
abnormalities have been more frequently noted in
the sub-group of patients having severe COVID
disease 1719. 22,

Several hypotheses suggest the occurrence of
pancreatitis in COVID-19, namely the expression
of ACE2 in the pancreatic ductal, acinar, and islet
cells so that the virus can easily spread from the
duodenal epithelium to the pancreatic gland 17-23:
24, Other studies have shown that SARS-CoV-2 is
able to infect pancreatic-induced pluripotent stem
cells (IPSC) thus they produce proinflammatory
cytokines such as CXCL12, IL-6, IL-8, IL-10 '2,
They observed that the SARS-CoV-2 hijacked the
ribosomal machinery in the pancreatic cells and
also increased the expression of some pancreatic
ductal stress response genes. Prominently, the
genes CXCL12, NFKBI1, and STAT3 showed
significant upregulation as compared to the control.
The researchers report that the transcriptional
analysis of SARS-CoV-2 infected iPSC-derived
pancreatic cultures demonstrated active viral
replication and pancreas-specific COVID-19
associated disease signatures. The SRP-protein
targeting processes were upregulated, indicating
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that host cell machinery was being repurposed
for viral replication 2326,

From RNA-sequencing studies, they
established that the pancreas, specifically the
exocrine compartment (acinar and ductal cells),
has a high expression of ACE2. Gender and age
present no difference in the expression of the
ACE?2 receptors. The researchers demonstrated
that the iPSC-derived pancreatic cells used in this
study exhibit ACE2 and TMPRSS2 expression.
Both the receptors are present in the pancreas,
especially in the exocrine portion 2.

Despite the many published cases of both the
coincidence of acute pancreatitis with COVID-19,
acute pancreatitis caused by COVID-19 is still
unproven. However, if there is a case of acute
pancreatitis with COVID-19, the occurrence of
idiopathic acute pancreatitis due to COVID-19
cannot be neglected 2.

CONCLUSION

Cases of acute pancreatitis with COVID-19 can
be a coincident or idiopathic. Thus far, diagnostic
tool of this case is necrosis autopsy and SARS-
CoV2 PCR. Through our observation, COVID-
19 has raised suspicions of acute idiopathic
pancreatitis in severe COVID-19. Therapy
and monitoring in patients are still carried out
according to the management of COVID-19 and
pancreatitis.
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ABSTRACT

1t is known that soil-transmitted helminths (STHs) infection in children associates with growth and developed restriction
in children, which is shown by nutritional status. However, the studies which are investigating this phenomenon is still
limited in Indonesia. This recent study aimed to compare students who infected and non-infected with STH towards their
nutritional status. An analytic cross-sectional research design was conducted in two elementary school students at Mayamuk
sub-district, Sorong district, in January 2020. STHs infection was identified by lugol stained wet mount smear from their
stool under a light microscope. Children nutritional status was determined by body mass index based on age. A total of
164 children (67.5%, 164/243) were voluntary to participate by informed consent and eligible. Twenty-seven children
(16.5%, 27/164) were infected with one or more STH species of Ascaris lumbricoides, Trichuris trichiura, hookworm,
and Strongyloides stercoralis. T. trichiura (81.5%, 22/27) was the most common species found, either in single or mixed
infection. Children nutritional status was observed as thinness, normal, overweight, and obese, that was 6.1% (10/164),
75% (123/164), 6.7% (11/164), and 12.2 % (20/164) respectively. STHs infection occurred in children with nutritional
status of thinness 3.7% (1/27), normal 74.1% (20/27), overweight 3.7% (1/27), and obese 18.5% (5/27). There was no
significant difference between STHs infected children and non-infected children on their nutritional status (p=0.616, Chi-
Square test). Thus, it indicated that STHs infection was not only the factor to induce the impairment of nutritional status
in children at Mayamuk sub-district. It needs further investigation to clarify the factors which are leading to the thinness,
overweight, and obese in Mayamuk children.

Keyword. Soil-transmitted helminthes infection, nutritional status, children; elementary school, Indonesia

ABSTRAK

Kecacingan yang ditularkan melalui tanah (infeksi STHs) pada anak telah diketahui mempengaruhi pertumbuhan dan
perkembangan pada anak, yang ditunjukkan dengan status gizi. Penelitian yang membahas hal ini masih terbatas di
Indonesia. Penelitian ini bertujuan untuk membandingkan anak yang terinfeksi STHs dengan anak yang tidak terinfeksi
STHs terhadap status gizinya. Desain penelitian cross-sectional analitik dilakukan pada murid dari dua sekolah dasar
pada bulan Januari 2020, di kecamatan Mayamuk, kabupaten Sorong. Identifikasi infeksi STHs menggunakan pemeriksaan
mikroskopis dari sediaan tinja anak dengan metode wet mount smear yang tercat oleh larutan lugol. Status gizi anak
ditentukan dari indeks massa tubuh menurut usia. Sejumlah
* Corresponding Author: 164 anak (67,5%, 164/243) secara suka rela berpartisipasi
sukmab@fk.unair.ac.id
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melalui informed consent dan sesuai kriteria. Dua puluh tujuh anak (16.5%, 27/164) terinfeksi oleh satu atau lebih
spesies STHs, yakni Ascaris lumbricoides, Trichuris trichiura, hookworm, dan Strongyloides stercoralis. T. trichiura
(81.5%, 22/27) merupakan spesies yang paling banyak ditemukan baik dalam infeksi tunggal maupun ganda. Status gizi
anak yang didapatkan meliputi status gizi kurang (6,1%, 10/164), normal (75%, 123/164), gizi lebih (6,7%, 11/164) dan
obesitas (12,2 %, 20/164). Infeksi STHs terjadi pada anak dengan status gizi kurang sebesar 3.7% (1/27), normal 74.1%
(20/27), gizi lebih 3.7% (1/27), and obesitas 18.5% (5/27). Tidak ditemukan perbedaan yang bermakna antara anak
vang terinfeksi STH dengan yang tidak terhadap status gizinya (p=0.616, uji Chi-Square). Hal ini menunjukkan bahwa
infeksi STH bukan satu-satunya faktor penyebab gangguan terhadap status gizi anak di kecamatan Mayamuk. Kajian
lebih lanjut perlu dilaksanakan untuk menentukan faktor penyebab status gizi kurang, gizi lebih, dan obesitas pada anak
di kecamatan Mayamuk.

Kata kunci: Infeksi soil-transmitted helminthes, status gizi; anak; sekolah dasar, Indonesia.

How to Cite: Salma, Z., Fitriah., Reynaldi, RBY., Rossyanti, L., Sarjana, IW., Pasulu, SS., Budiono7, Ranuh, IGMRG
Husada, D., Basuki, S. (2021). Soil-Transmitted Helminthes Infection and Nutritional Status of Elementary School Children

in Sorong District, West Papua, Indonesia. Indonesian Journal of Tropical and Infectious Disease, 9(2). 85-93.

INTRODUCTION

Soil-transmitted helminthes (STHs) infection
is one of the neglected tropical infectious diseases
which commonly occur in low-income countries
and rural communities. Helminths that cause STHs
infection in humans, are Ascaris lumbricoides,
Trichuris trichiura, Necator americanus and
Ancylostoma duodenale'2. Pullan et al estimated
that 1.45 billion people worldwide were infected
with at least one species of these helminths in
Asia’. Globally, an estimated disability-adjusted
life years (DALYs) contributed by STHs infection
was 1.9 milion in 20174,

STHs infection is a chronic infection that
tends to be asymptomatic, thus it is difficult
to assess the morbidity, especially in endemic
area>%. Symptoms and signs of STHs infection
are anorexia, anemia, dysentery, diarrhea, and
intestinal obstruction which can affect the growth
and development of the child. The presence
of STHs in the small intestine can interferes
the absorption of nutrients and cause intestinal
bleeding>10. Several studies showed that STHs
infection was significantly associated with a
decrease of nutritional status indicators involving
weight for age and height for age!%!!. The severity
of clinical manifestation is commonly performed
by the infection with polyparasitism and heavy
intensity of STHs®”-12,

STHs infection and stunting in children
are public health problems in Indonesia. The

national survey showed that the average of
STHs infection prevalence of elementary school
students between 2000-2011 was 28.7%!3.
Several studies had indicated that STHs infection
in elementary school students in rural areas of
Indonesia were remained high!#-16, The World
Health Organization (WHO) reports that the
cases number of under five year old children who
experience wasting and stunting in 2019 were 47
million and 144 million children, respectively,
and most of them founded in Africa and Asia!7-18,
Riset Kesehatan Dasar Indonesia showed that the
prevalence of wasting and stunting of children in
2018 were 10.2% and 30.8%, respectively'®. In
2018, twenty out of thirty-four (58.9%, 20/34)
provinces of Indonesia were categorized as high
stunting prevalence province?’.

West Papua is one of the Indonesian provinces,
which is facing these two health problems. A study
showed that the STHs infection prevalence of
elementary school children in the Sorong ditrict
was 30.6%?2!. A National nutritional status survey
in 2018 reported that the prevalence of school-
age children and adolescents (5-12 year old) with
stunting and wasting condition was 22.8% and
6.8%, respectively in West Papua?2. Until now, it
has not yet been studied the phenomenon of STHs
infection with nutritional status in West Papua.
Our study aimed to compare between children
infected and non-infected with STHs towards their
nutritional status. It would be meaningful for the
control program of STHs infection and stunting.
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MATERIALS AND METHODS

Study area and population

The study was conducted in two villages,
where are located in Mayamuk sub-district,
Sorong, West Papua Province, Indonesia, where
the average temperature of area was 27,9°C and
the humidity was 83,2%. Geographically, most of
the Sorong area, a district, 1s directly adjacent to
Indonesian sea areas. It is bordered by the Pacific
Ocean to the North; Seram sea to the South and
West; Tambrauw District to the East and Raja
Ampat regency to the west. Sorong consists
of 30 sub-districts and 115 islands with a total
area of 13,075.28 km? (Figure 1). Distribution
of Gross Regional Domestic Product in 2019
based on sectors comprised of processing industri
(42.54%), addition and excavation (15.95%),
construction (14.65%), agriculture, forestry, and
ficheries (10,11%), and others (16.75%). The
main production of the plantation sector in Sorong
are coconut, coffee, and cocoa??.

® Sorong district
Mayamuk sub-district
[0 Klasmelek village
Inpres 14
[1 Makbusun village
= A Inpres 25

la

Makassar

— —
400 km

Dill Arafura

0 200

Figure 1. Study sites (source: arcgis.com??).

Mayamuk sub-district represents 4.4% (542.2
of 13,693.5 km?) of the total area of Sorong.

Study was implemented in two public elementary
schools, namely Inpres 14 and Inpres 25, in
January 2020. Inpres 14 is located in Klasmelek
village, while Inpres 25 is in Makbusun village.
The distance between the two elementary schools
is 3.1 kilometers. Makbusun village is located +
8.5 km from seashore, while Klasmelek village
1s located = 10.9 km from it. Plantations, forest
areas, and rivers are many in Klasmelek village
than in Makbusun village. Total of 3107 people
are living in Makbusun village and 674 people
are in Klasmelek village.

Sample and data collection

An analytical cross-sectioal study design was
conducted. Elementary school students from grade
one to grade six from both schools involved in
this study. The minimum number of samples was
determined by the proportion estimation formula
added 10% to anticipate error result and total was
90 samples. A structured questionnaire which
included information on general demographic
data (name, date of birth, age, gender, and ethnic),
history of STHs infection, and anti- helminthic
drug was used.

Stool collection and STHs identication

Children who participate in this research were
given a stool tube (OneMed, Sidoarjo, Indonesia)
which had labeled according to the questionnaire
number. They brought the tube back with as much
as one knuckle of stool on the next day. The stools
in tube were preserved with adding 10% formalin
solution and checked the tube number based on the
questionnaire data. STHs was identified by using
wet-mount smear method stained with 1% Lugol
solution under light microscope with 100 and
400 magnifications (Olympus© CX22, Japan). It
was repeated four times. Stool examination was
performed in the Institute of Tropical Disease,
Airlangga University, Surabaya.

Nutritional status measurement

The body mass index according to age (BAZ)
score was used to determine nutritional status of
children. It is based on the body weight, height,
and age. The children body weight and height
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were measured to complete their questionnaire
form. A calibrated needle scale (OneMed,
Sidoarjo, Indonesia) to the nearest 0.1 kg without
shoes was used for measuring their body weight,
and a microtoise (OneMed, Sidoarjo, Indonesia)
to the nearest 0.1 cm which attached to a vertical
wall was applied for sizing their height with
barefeet. Their age was calculated in full month.
Nutritional status was classified as severely
thinness (<-3 standard deviation (SD)), thinness
(-3 SD to <-2 SD), normal (-2 SD to +1 SD),
overweight (+1 SD to +2 SD), and obese (>+2
SD)%.

Statistical analyzes

Categorical variables were presented by
number and percentage, while continuous variable
was a mean value. The proportion differences
of categoric variables were analyzed by Chi-
Square test. Mean comparison of continuous
variables were carried out by #-fest analysis on
normal distribution data and by Mann-Whitney
test on abnormal distribution data. A significant
comparison or difference was determined by
P<0.05 value. All statistical analysis of this
study was performed in version 22.0 Statistical
Package for the Social Science (SPSS) (IBM,
Somers, NY).

Ethical clearance

This study was approved by the Health
Research Ethics Committee, Faculty of Medicine,
Universitas Airlangga in number of 167/EC/
KEPK/FKUA/2020.

RESULTS

Interview and anthropometric measurement
were conducted into 194 children from two
elementary schools, who were voluntary to
participate in this study. A total of 164 children
(84.5%, 164/194) were included and 30 children
were excluded because they were without stools
(Figure 2). Most of the children were non-Papuan
(79.9%, 131/164) (Table 1).

Inpres 14 Inpres 25
elementary elementary
school school
children children
(N=77) (N=166)
15 children 33 children
were were
absent or absent or
63 . 133 .
. decline to . decline to
children .. children -
participate participate
agreed to agreed to
participate participate
1 child 1 child
refused to be refused to be
62 children taken 132 children taken
completed the anthropome- completed the anthropome-
questionnaire tric questionnaire tric
and measurement and measurement
anthropome- anthropome-
. tric
tric
measurement
measurement
21
9 children children
- were not 111 were not
children et children able to
were able cohll&?ct were able COHC.Ct
lect their to collect their
to collec stools their stools
their
stools
stools

Figure 2. Diagram of participant involvement

Table 1. Demographic characteristic of children in
Inpres 14 and Inpres 25 elementary school at
Sorong District

Variable Inpres 14 Inpres 25 Total
(n=53) (n=111) (n=164)
(n, %) (n, %) (n, %)
Age
6-7 13,245 26,234 39,23.7
8-9 22,415 46,41.4 68,41.5
10-11 16, 30.2 34,30.6 50, 30.5
12-13 2,3.8 4,3.6 6,3.7
>13 0,0.0 1,1 1,0.6
Sex
Girl 20,37.7 56,50.4 76, 46.3
Boy 33,62.3 55,49.6 88, 53.7
Ethnic
Papua 15,28.3 18, 16.2 33,20.1
Non Papua 38,71.7 93,83.8 131,79.9

STHs were detected in 27 children stools
(16.5%,27/164). T. trichiura was frequently found
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(13.4%, 22/164), then followed by hookworm
(7.3%, 12/164) and Ascaris lumbricoides (3.6%,
6/164). Polyparasitized STHs were observed in
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Figure 3. The morphology of soﬂ—transmltted
helminthes in children stools were (A) hookworm
egg, (B) A. lumbricoides egg, (C) T. trichiura egg,

(D) S. stercoralis larva and (E) hookworm larva

under light microscope with 400 magnifications.
Minimum length is 1 micrometer.

The majority of children had normal nutritional
status (75%, 123/164). However, 41 children
showed the abnormal nutriotional status that

88

12 children stools (44.4%, 12/27) and dominated
by T trichiura with hookworm infection (50%,
6/12) (Figure 3 and Table 2).

Table 2. Single and mix soil-transmitted
helminthes infection cases among 29 infected
children in Inpres 14 and Inpres 25 elementary

school at Sorong District.

Variable Inpres  Inpres 25 Total
14 (n=15) (n=27)
(n=12) (n, %) (n, %)

(n, %)

Single infection 4,333 11,73.3 15,55.6
AL 0, 0.0 1,6.7 1,3.7
TT 3,25 7,46.7 10, 37
HW 1,83 1,6.7 2,74
SS 0, 0.0 2,133 2,74

Mix infection 8, 66.6 4,26.7 12,444
TT + AL 0,0.0 2,133 2,74
TT + HW 6,50 0,0,0 6,222
TT+HW +AL 1,83 2,133 3, 11,1
TT+HW + SS 1,83 0,0.0 1,3.7

AL: Ascaris lumbricoides, HW: hookworm, SS: Strongyloides stercoralis,
TT: Trichuris trichiura

were 10 children with thinness (6.1%, 10/164),
11 children with overweight (6.7%, 11/164),
and 20 children with obese (12.1%, 20/164).
Children with thinness in Inpres 25 were higher
than in Inpres 14 (7.2%, 8/111 v.s 3.7%, 2/53)
(Table 3).

Table 3. Characteristic of antropometric and nutritional measurements in children either with or without STHs
infection at two elementary schools in Sorong Distric.

Elementary School

Antropometric and Inpres 14 Inpres 25 _valuea
nutritional status N=53 N=111 p-valu
Positive Negative p-valuea Positive Negative p-valuea
Mean height (cm) 127.8 127.5 0.924 127 130.3 0.188 0.146
Man weight (kg) 27.1 27,6 0.890 27.8 28.3 0.952 0.253
Mean BMI 16.2 16.4 0.632 17 16.3 0.367 0.887
Mean BMI/age (z-score) -0.1 -0,2 0.482 0.1 -0.2 0.587 0.808
Thinness (n, %) 0,0 2,49 1,6.6 7,72
Normal (n, %) 10, 83.4 33, 80.5 10, 66.7 70,73
- 0.598 0.183 0.511
Overweight (n, %) 1,8.3 1,2.4 0,0 9,94
Obese (n, %) 1,83 5,122 4,26.7 10, 10.4

a: Mann-Whitney test used for continous variable with abnormal data; T-test used for continous variable with normal data; Chi-Square test used for
categorical data; Positive means children with STHs infection and negative is children without STHs infection
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There was not significant difference between
children who infected and non-infected with
STHs towards their nutritional status (p>0.05,
Chi-square, test) (Table 4).

Table 4. Comparisson of antropometric
measurement in elementary children with and
without STHs infection

STH infection Status

Antropometric and

nutritional status Positive  Negative p-value

N=27 N=137

Mean height (cm) 127.3 129.5 0.299

Mean weight (kg) 27.5 28.1 0.957

Mean BMI 16.6 16.3 0.326

Mean BMl/age (z-score) 0.3 -0.19 0.397

Thinness (n, %) 1,3.7 9,6.6

Normal (n, %) 20,74.1 103,752 0.616

Overweight (n, %) 1,3.7 10,7.3

Obese (n, %) 5,18.5 15, 10.9

o: Mann-Whitney test used for continouse variable with abnormal data;
T-test used for continouse variable with normal data; Chi-Square test
used for nominal data; Positive means children with STHs infection and
negative is children without STHs infection

DISCUSSION

School-age children living in a rural and a
tropic area are vulnerable to STHs infection due to
their habits and inadequate sanitation. School-age
children often play in the ground without using
footwear, rarely cut their nails, and do not wash
their hands after playing or defication?®?”. The
potential factors for STHs infection in school-age
children were due to their low hygiene practice.

A low prevalence of STHs infection was
observed in this study (16.5%) based on WHO
classification and a decline prevalence compare
to previous prevalence in 201721, Both studies
were conducted in Mayamuk sub-district with
different condition. The previous study was
performed in 2017, a year before lymphatic
filariasis MDA implementation in Sorong district
that is every October since 20188, and the recent
study was 3 months after administration and
two-year implementation of lymphatic filariasis
MDA. It seemed that lymphatic filariasis MDA
is able to reduce the STHs infection prevalence
after 3 months administration and two-year

implementation of lymphatic filariasis MDA.
Therefore, it might need the follow-up study in
order to clarify the effect of lymphatic filariasis-
MDA to reduce the STH prevalence.

A single dose of combination diethyl
carbamazine (DEC) 100 mg and albendazole
(ALB) 400 mg, a lymphatic filariasis MDA,
is applied in Indonesia, including Sorong
district??-39, This combination has been reported
that impacted to STHs infection, since the
drugs have a broad range of anti-helminthic
activity. It reduced 77% hookworm infection
using the combination of ivermectine (IVM)
and ALB in Cote d’Ivore from 2014 to 201731,
Study by Sunish et al showed 79% reduction of
STHs infection after 7 years administration the
combination of DEC and ALB, and the highest
reduction was for hookworm infection, followed
by ascariasis, and trichuriasis32. Our study
demonstrated the decline prevalence of STHs
infections after 3 months administration and two-
year implementation of DEC and ALB, but it was
not under 10% of prevalence and it was still 46%
reduction. It suggested that the health education
to improve the individual hygiene and sanitation
needs to be implemented in these areas. It could
be considered to administer an additional a single
dose of ALB at six months before lymphatic
filariasis-MDA in order to eliminate the STHs
infection in children.

Infection of 7 trichiura was highly found in
this study, either within mixed, mostly 7. trichiura
with hookworm, or single infection. The previous
study conducted in Sorong district reported similar
results?!. Studies in Cote d’Ivoire3!, Tamil Nadu
State32, and Congo?? resulted a low reduction of
trichuriasis compared with hookworm infection
and ascariasis after lymphatic filariasis MDA
administration by using respectively IVM-ALB,
DEC-ALB, and alone ALB. It means that either
those combinations or ALB alone by a single dose
are not enough effective to eliminate 7. trichiura
infection in human.

The present study found no significant
difference between STHs infected children and
non-infected children toward their nutritional
status. It was similar with the previous studies,
which had been conducted by Suraweera ef al. in
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Kandy, Sri Lanka and Kurniati ef a/. in Madura,
Indonesia3*33. We found that the thinnes children
mostly were not infected with STHs infection (see
on table 3 and 4). It indicated that nutritional status
of children can be influenced by several factors,
such as food intake, environment, ages, dietary
habit and the type of food consumed, additional
STHs infection36-37. A study in Surakarta showed
that school-age children with stunting were
influenced by their poor energy and protein
intake. These intakes were significantly related
to the level of education and occupations of their
mother and family income33. The prevalence
of undernutrition in children from low socio-
economic family was found to be higher than
those from middle- to upper- socio-economic
family (42.3% vs 19.28%)3°. The factors that
underlie the low nutritional status within low-
income family group are poverty, education of
mother, number of family member, and also
insecurity and safety of the food3°4%. Recently, the
altered gut microbiota is associated with stunting
and malnutrition in children*!+*2, Thus, futher
investigation is needed to clarify the factors,
which contribute to children thinnes, overweight,
and obese in Mayamuk sub-district, such as socio-
economy, nutritient consumption, education, and
gut microbiota, in order to overcome children
nutritional status problem.

CONCLUSION

Children either with or without STHs infection
did not have a significant difference in their
nutritional status in Mayamuk sub-district.
STHs infection was not the only factor leading
to nutritional status impairment of children in
this study. Thus, further research is needed to
determine the factors, which affect to thinness,
overweight, and obese in children living at
Mayamuk sub-district, Sorong district, West
Papua province.
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ABSTRACT

Chronic kidney disease (CKD) is a serious health problem in children, with increasing morbidity and mortality rates
throughout the world. Children with CKD tend to experience magnesium (Mg) deficiency that can stimulate an inflammatory
response in the body. One of the inflammatory responses is an increase of Interleukin-6 (IL-6). Study to analyze the
correlation between Mg and IL-6 in pre-dialysis CKD children. The methods a cross sectional study was conducted in Dr
Soetomo General Academic Hospital from November 2018 to April 2019. Children with pre-dialyis CKD were included
in this study. Variables of serum Mg level (mg/dL) and inflammatory marker (IL-6) were measured from the blood and
analyzed by ELISA method. The correlation between Mg and IL-6 was analyzed with Spearman’s correlation test with p
<0.05. Result a total of 47 children (27 boys vs 20 girls) between 3 months to 18 years old, with pre-dialysis CKD and
no history of magnesium supplementation were included. The primary disease that causes of CKD were lupus nephritis
(38.3%), nephrotic syndrome (23.4%), urologic disorder (23.4%), tubulopathy (10.6%) and others (4.3%,). The average
IL-6 level was 55.42+43.04 pg/dL and Mg level was 2.06+1.54 mg/dL. There were no significant correlation between IL-6
level and Mg level with staging of CKD and duration of illness (p>0.05), but there was a significant correlation between
serum Mg level and IL-6 level (r=-0.748; p<0.001). Magnesium levels have a significant inverse correlation with IL-6
levels in pre-dialysis CKD children. The lower the Mg levels in the blood, the higher IL-6 levels and vice versa.

Keywords: Chronic kidney disease, Magnesium, Interleukin-6, Children, Elisa method.

ABSTRAK

Penyakit ginjal kronik (PGK) merupakan masalah kesehatan yang serius pada anak, dengan angka kesakitan dan
kematian yang terus meningkat di seluruh dunia. Anak dengan CKD cenderung mengalami defisiensi magnesium (Mg)
yang dapat merangsang respon inflamasi dalam tubuh. Salah satu respon inflamasi adalah peningkatan Interleukin-6
(IL-6). Penelitian untuk menganalisis hubungan antara Mg dan IL-6 pada anak PGK pra-dialisis. Metode penelitian cross
sectional dilakukan di Rumah Sakit Umum Akademik Dr Soetomo dari November 2018 sampai April 2019. Anak-anak
dengan CKD pra-dialisis diikutsertakan dalam penelitian ini. Variabel kadar Mg serum (mg/dL) dan penanda inflamasi
(IL-6) diukur dari darah dan dianalisis dengan metode ELISA. Korelasi antara Mg dan IL-6 dianalisis dengan uji korelasi
Spearman dengan p<0,05. Hasil total 47 anak (27 laki-laki vs 20 perempuan) antara 3 bulan sampai 18 tahun, dengan
CKD pra-dialisis dan tidak ada riwayat suplementasi magnesium dimasukkan. Penyakit utama penyebab PGK adalah
lupus nephritis (38,3%), sindrom nefrotik (23,4%), kelainan urologi (23,4%), tubulopati (10,6%) dan lain-lain (4,3%).
Rata-rata kadar IL-6 adalah 55,42+43,04 pg/dL dan kadar Mg adalah 2,06+1,54 mg/dL. Tidak terdapat hubungan yang
bermakna antara kadar IL-6 dan kadar Mg dengan stadium PGK dan lama sakit (p>0,05), namun terdapat hubungan
yang bermakna antara kadar Mg serum dengan kadar IL-6 (r=-0,748, p< 0,001). Kadar magnesium memiliki korelasi
terbalik yang signifikan dengan kadar IL-6 pada anak PGK pra-dialisis. Semakin rendah kadar Mg dalam darah, semakin
tinggi kadar IL-6 dan sebaliknya.

* Corresponding Author:
niniksoemyarso@yahoo.com
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INTRODUCTION

Chronickidney disease (CKD) s a serious health
problem in adults and children, with increasing
morbidity and mortality rates throughout the
world!. The number of CKD patients globally in
2019 was 13.4% (11.7 - 15.1%) of the world’s
population? with the amount in pediatric patients
is quite high3. Moreover, the number of children
with CKD in 2011 was 11-12 children per 1
million in CKD stages 3-5, .8 children per 1
million in CKD stages 3-5 (Europe), 5.7 children
per 1 million (America), and 38 children per 1
million (Middle East and South Asia)?.

Chronic inflammation that occurs in CKD
patients can increase the risk of disease becoming
more severe and worsening of glomerular filtration
rate!. Children with CKD often have decreasing
magnesium (Mg) levels. About 65% of Mg in the
body is found in bones, 34% in smooth muscle
and the remaining 1% is in plasma and interstitial
fluid*. Magnesium deficiency can stimulate an
inflammatory response and may influence the
defense mechanism of human body?.

The inflammatory response in CKD patients
is indicated by high levels of proinflammatory
cytokines, including interleukin-6 (IL-6) that
are associated with morbidity and mortality®’.
Interleukin 6 is a dissolved IL-6 mediator with
pleiotropic effect on inflammation, immune
response, and hematopoiesis. Interleukin 6 is
produced quickly and temporarily in response
to infection and tissue injury, contributes to
host defense through stimulation of acute phase
responses, hematopoiesis, and immune reactions®.

Dr. Soetomo General Academic Hospital,
Surabaya, Indonesia, is the first referral hospital
in East Java, Indonesia. The number of pediatric
CKD patients in 2018 was 102 patients. Most
patients were often being admitted to treatment
ward with inflammatory problems as many as

72.4%. Based on the description above and limited
studies, the researchers focusing on correlation
between Mg and IL-6 levels in pre-dialysis
pediatric CKD patients in Dr. Soetomo General
Academic Hospital, Surabaya, Indonesia.

METHODS AND MATERIALS

Participants

Participants in this study were children
diagnosed with CKD?. The inclusion criteria were
children aged 3 months to 18 years, diagnosed
with CKD, in pre-dialysis. Children having
received Mg supplementation and having an
infection (fever/ temperature >37.5°C and high
leukocyte levels) were excluded. Their parents
were given an explanation regarding participant
rights and obligations. All parents were also
required to fill out an informed consent sheet.

Design

An analytic observational study was conducted
using cross sectional design. The research was
carried out at Dr. Soetomo General Academic
Hospital, Surabaya, Indonesia, from November
2018 to April 2019 (figure 1). This research had
been declared to meet ethical requirements by the
Ethics Commitee Dr. Soetomo General Academic
Hospital, Surabaya, Indonesia (0835/KEPK/
XI1/2018). Participants were chosen based on
consecutive random sampling. The number of
participants in this study were 47 participants.
Participants were first identified for characteristics
and then measured for Mg and IL-6 levels.

The examination of IL-6 and Mg levels were
perform at Clinical Pathology laboratorium
of Dr. Soetomo General Academic Hospital.
Measurement of 1L-6 levels used ELISA test
kits-Quantikine HS human IL-6 immunoassay
(Elabscience Biotechnology Co., Ltd, Wuhan,
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2018 - March 2019 at Dr. Soetomo General Academic Hospital,

56 children with chronic kidney disease pre-dialysis in November
Surabava, Indonesia

2 patients died
f patients’ loss to follow up

[ 48 children with chronic kidney disease pre-dialysis

are active medical checkup

—O‘ 1 patient refused to participate in the study |
k.

[ 47 participants k{ 16 children (stage 1) ]
—.[ 6 children (stage 2) J
—-L 13 children (stage 3) ]
A-L 7 children (stage 4) ]

6 children (Non dialysis
CKD stage 5)

Figure 1. Participant requitment process in this
study

Hubei, China), during which participants were
taken for venous blood. Blood samples were
centrifuged at 3000 rpm for 15 minutes. The serum
samples were collected and stored at -80°C in the
laboratory of Dr. Soetomo General Academic
Hospital, Surabaya, Indonesia. The results of [L-6
measurement were categorized into 3 groups: high
(>4.5 pg/dL), normal (1.8-2.3 pg/dL), and low
(<1.8 pg/dL). Magnesium levels were measured
using photometry method with EXL dimension
analyzer (Siemens Healthcare Diagnostics,
Erlangen, Germany). The measurement results
were categorized into 3: group high (>1.6 mg
/ dL), normal (1.2-1.6 mg / dL), and low (<1.2
mg / dL)*.

Statistical Analysis

The results were displayed in figures and
tables. The data were analyzed using IBM SPSS
Statistics software version 22.0 (IBM Corp.,
Armonk, NY, USA). Analysis of correlation
between Mg and IL-6 with staging of CKD and
duration of illness, between Mg and IL-6 were
carried out using Spearmen correlation test. The
p<0.05 showed a significant correlation, while p
>0.05 indicated no significant correlation.

RESULTS

Characteristics of Participants

Table 1. Demographics Characteristics of Pre-dialysis

CKD Children
Characteristics n (%)

Sex

Male 27 (57.45)

Female 20 (42.55)
Age (years)

<10 years 14 (29.79)

10-18 years 33 (70.21)
Duration of illness

<1 year 18 (38.30)

1-5 years 21 (44.68)

>5 years 8(17.02)
Etiology

Lupus Nephritis 18 (38.30)

Nephrotic Syndrome 11 (23.40)

Urological Disorders 11 (23.40)

Tubulopathies 5(10.64)

HSP nephritis 2 (4.26)
CKD stage

Stage I 16 (34.04)

Stage 11 6 (12.77)

Stage 111 12 (25.53)

Stage IV 7 (14.89)

Stage V 6 (12.77)
Mg

Low 25 (53.19)

Normal 16 (34.04)

High 6 (12.77)
IL-6

Low 4 (8.51)

Normal 0 (0.00)

High 43 (91.49)

CKD = Chronic kidney disease

Most children were boys of about 27 (57.45%)
children. There were 33 children belonged to age
group of 10-18 years (70.21%) (Table 1). The
average age was 147.81455.20 months, while mean
age of boy and girl were 140.89+60.63 months and
157.15+46.76 months, respectively. There were 21
(44.68%) children suffered from CKD for 1-5 years
in, followed by children who experienced illness
<1 year of about 18 (38.30%) children (Table
1). The average time of experiencing CKD was
30.64+30.97 months. The average time of male
and female participants duration of illness was
26.44+20.67 months and 36.30+40.97 months,
respectively. The most common underlying disease
in this study was lupus nephritis in 18 (38.30%)
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children, followed by nephrotic syndrome and
urological abnormalities, each occured in 11
(23.40%) children (Table 1).

The Correlation between Magnesium and IL-6
Levels with staging of CKD

The Mg level in CKD stage 1 was 1.7540,4
mg/dL, CKD stage 2 was 1.71+0,4 mg/dL, CKD
stage 3 was 2.794+2.93 mg/dL, CKD stage 4 was
1.7£0.5 mg/dL and CKD stage 5 was 1.92+0,7
mg/dL (figure 2a). The IL-6 level in CKD stage 1
was 54+41.3 pg/dL, CKD stage 2 was 38.3+33.7
pg/dL, CKD stage 3 was 48.8+44.8 pg/dL, CKD
stage 4 was 64.7£31.7 pg/dL and CKD stage
5 was 78.8+64.0 pg/dL (p=0.994, Figure 2b).
There were no significant correlation between
magnesium and IL-6 levels with staging of CKD
(Figure 2a and 2b).

12004
10000

500+

600 p=0.994

Magnesium

400
35

- & 8 8 = 0

.0o=|

T T T T T
CEDstagel CKDsiage? CKOsage3 CHDSMged KD stage S
CKD

Figure 2a. Magnesium Level (mg/dL) Based on
Staging of CK

= hdnd

o5 [T_
Elg!
T e

Figure 2b. IL-6 Level (pg/dL) Based on Staging of
CKD

The average figure Ff There were no significant
correlation between magnesium and IL-6 levels
with staging of CKD (Figure 2a and 2b).

The Correlation between Magnesium an IL-6
Levels with Duration of Illness

The average Mg level in <1 year duration
of CKD was 1,84+0,53 mg/dL, 1-5 years was
2,15+£2,06 mg/dL, and > 5 years was 1,8+0,34
mg/dL (Figure 2¢). The average IL-6 level in <
1 year duration of CKD was 53,6+46,3 pg/dL,
1-5 years was 59,6+41,6 pg/dL, and > 5 years
was 44,7+43,3 pg/dL (p=0.883, Figure 2d).
There were no significant correlation between
magnesium and IL-6 levels with the duration of
illness (Figure 2c and 2d).

p=0883

Figure 2¢. Magnesium Level (mg/dL) Based on
Duration of CKD

s

Duration

> e

Figure 2d. IL-6 Level (pg/dL) Based on Duration
of CKD

Correlation between Magnesium and IL-6
Levels

The average [L-6 level was 55.42+43.04 pg/dL,
that was categorized into high IL-6 level. The average
IL-6 level in boys and girls were 63.89+46.82 pg/
dL and 43.98+35.30 pg/dL, respectively. Most
children had high IL-6 levels in 43 (91.49%)
children (Table 1). The average Mg level in boys and
girls were 2.17+2.01 mg/dL and 1.90+0.46 mg/dL,
respectively. Most participants had low Mg level in
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25 participants (53.19%), followed by normal Mg
in 16 participants (34.04%; Table 1).

The distribution of data was abnormal. The
results of statistical analysis using Spearman
correlation test showed a significant relationship
between average Mg levels and average IL-6
levels (p<0.001), with correlation coefficient
value of -0.748. This indicated a strong negative
correlation between average Mg and average
IL-6 levels in the blood. The lower Mg levels will
further increase IL-6 levels as a proinflammatory
mediator and vice versa (Figure 3a). There were
no significant correlation between average of Mg
(p=0.994) and IL-6 levels (p=0,404) with staging
of CKD (Figure 3b and 3c), between average of
Mg (p=0,883) and IL-6 (p=0,969) with duration
of illness (Figure 3d-e).

Correlation Between Magnesium and IL-6
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Figure 3a. Correlation between Mg (mg/dL)
and IL-6 (pg/dL) in Pre-dialysis CKD
Children (r =-784; p=0.001)
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Figure 3b. Correlation between Mg (mg/dL) and
Staging of CKD
(r=0,01; p=0.994)
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Figure 3c. Correlation between IL-6 (pg/dL) and Staging
of CKD
(r=0.125; p =0.404)

Correlation Between Magnesium and Duration of CKD
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Figure 3d. Correlation between Magnesium (mg/dL) and
duration of CKD (r =-0.22; p =0.883)

Correlation Between Interleukin-6 and Duration of CKD
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Figure 3e. Correlation between 1L-6 (pg/dL) and
duration of CKD (r=-0.006; p =0.969)
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DISCUSSION

This study found that most participants had
low Mg level <1,8 mg/dL. Similar findings
were obtained in Swaminathan’s study [10],
in which CKD patients with hypomagnesemia
were higher than normal or high Mg levels. In
stage 1-3 CKD patients, there is an increase
in fractional Mg excretion as compensation
for decreased or loss of kidney function to
maintain normal serum magnesium levels in the
blood. In CKD with Glomerular Filtration Rate
(GFR) <10ml/min/1.73m?, this compensatory
mechanism is less effective (insufficient) to
prevent an increase Mg levels in the blood>.
One of the causes of hypomagnesemia in this
study might be caused by calcineurin inhibitors
(cyclosporine) administration as a sparing agent
for steroid therapy in children with resistant
steroid nephrotic syndrome. Visscer et al.’s
study” stated that hypomagnesemia can be caused
by drugs such as thiazide group, proton pump
inhibitors, antibiotics, aminoglycoside groups
and calcineurin inhibitors. Hypomagnesemia in
CKD patients can also be caused by impaired
intestinal absorption of Mg due to vitamin D
deficiency, therefore routine vitamin D testing
is needed in children with CKD!!-12, In addition,
hypomagnesemia is one of the early predictors
of the risk of cardiovascular and cardiovascular
disease in CKD patients>.

The results of this study indicated that most
participants experienced increasing IL-6 levels as
one of the proinflammatory cytokines. Increased
levels of IL-6 in CKD patients are most often
caused by increased oxidative stress activity,
chronic inflammation and fluid overload'3. The
decreased clearance of IL-6 results from impaired
renal function'“. Their study stated that increasing
IL-6 levels in CKD patients were associated with
the severity of metabolic acidosis and serum
bicarbonate levels'!®. In addition, high levels
of IL-6 are also caused by the activity of lupus
nephritis and nephrotic syndrome!#16,

Patients with nephrotic syndrome also have
increased IL-6 levels. A study conducted by
Subandiyah et al. found a significant increase
in IL-6 levels in patients with steroid-resistant

nephrotic syndrome compared to steroid sensitive
nephrotic syndrome!”. Jafar et al.’s study obtained
similar findings, stating that increasing IL-6 levels
were found in patients with idiopathic nephrotic
syndrome that was related to the therapeutic
response!®. Interleukin-6 expression in the urine
and renal tissues was correlated with proteinuria
in minimal changes disease rats '°.

Cunningham et al. found that the quantitative
excretion of magnesium tends to decrease in CKD
stage 4 dan 5 and cannot be compensated by an
increased fractional excretion of magnesium!2.
In this study, there was no correlation between
average magnesium level and staging of CKD,
it might be due to several factors such as less
of magnesium intake, calcineurin inhibitors
(cyclosporine) administration and malabsorbtion
in majority of children. Study by Magno et al.
found the correlation of IL-6 dependent on the type
of’kidney disease and overlapping conditions such
as hypertension and diabetes, but not by duration
and staging of CKD. The measurement of IL-6
independently associated with mortality in patient
with chronic kidney disease?0-21:2220,21,22. It
also can be used to explain that there were no
correlation between average level of magnesium
and IL-6 with duration of illness.

Statistical analysis showed a significant
relationship between decreased Mg levels and
increased IL-6 levels. Lower Mg level will cause
higher IL-6 levels, which indicates a more severe
inflammatory process. Measurement of Mg
levels is affordable and can be used as an early
predictor the severity of inflammatory process
in pre-dialysis children with CKD. Magnesium
is an important element that the body needs as a
cofactor for >300 enzymatic reactions. Magnesium
is needed for biochemical functions of various
body metabolism pathways. Enzyme systems that
involve magnesium include protein synthesis,
muscle contraction, nerve function, controlling
blood sugar, hormone receptor binding, regulating
blood pressure, stimulating cardiovascular work,
transmembrane ion flux, and connecting calcium.
In addition, Mg has an important role in energy
production in the body such as having a crucial
role in the ATP metabolism (adenylate cyclase),
oxidative phosphorylation, and glycolysis.
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Another function of Mg is to play a role in the
process of RNA and DNA synthesis?3-24233,24,25,
Whereas, IL-6 is a dissolved IL-6 mediator with
pleiotropic effect on inflammation, immune
response, and hematopoiesis?.

Kidneys have an important role in maintaining
levels or concentrations of magnesium in the
blood. The ability to regulate magnesium level
will decrease along with decrease in kidney
function. In addition, there is a decreased ability to
absorb Mg in the intestine in CKD children when
compared to normal children. The use of drugs as
proton pump inhibitors (PPI) in CKD also reduces
the ability of intestine to absorb magnesium. In
patients who have undergone both hemodialysis
and peritoneal dialysis, hypomagnesemia often
results from the use of low-magnesium dialysate
(low-Mg dialysate) fluids>.

CONCLUSION

Magnesium levels have a significant inverse
correlation with IL-6 levels in pre-dialysis
CKD children. Hypomagnesemia is associated
with increased levels of IL-6 proinflammatory
cytokines. Further research is needed to examine
the role of magnesium with cardiovascular
disease in children with CKD who do not yet
have symptoms and signs.

ACKNOWLEDGEMENTS

This research was presented as poster in
International Pediatric Nephrology Association
Congress on 17-21 October 2019 in Venice,
Italy.

CONMIICT OF INTEREST

Astrid Kristina Kardani, Jusli Aras, Risky
Vitria Prasetyo, Ninik Asmaningsih Soemyarso,
and Mohammad Sjaifullah Noer declare that they
have no conflict of interest this publication.

REFERENCES

1. Kaspar, C. D. W., Bholah, R., & Bunchman,
T. E. A review of pediatric chronic kidney
disease. Blood purification, 2016: 41(1-3), 211-217.
.doi:10.1159/000441737

2.

10.

I1.

12.

13.

Indonesian Journal of Tropical and Infectious Disease, Vol. 9 No. 2 May-August 2021: 93-100

Lv,J.C., & Zhang, L. X. (2019). Prevalence and discase
burden of chronic kidney disease. Renal Fibrosis:
Mechanisms and Therapies, 3-15. doi:10.1007/978-
981-13-8871-2 1

Harambat J, van Stralen KJ, Kim JJ, Tizard EJ
(2012) Epidemiology of chronic kidney disease in
children. Pediatric Nephrology. 2012;27 (3):363-373.
doi:10.1007/s00467-011-1939-1

Floege J. Magnesium in CKD: more than a calcification
inhibitor? J Nephrol, 2015;28 (3):269-277. doi:10.1007/
s40620-014-0140-6

van de Wal-Visscher ER, Kooman JP, van der Sande
FM (2018) Magnesium in Chronic Kidney Disease:
Should We Care? Blood purification 45 (1-3):173-178.
doi:10.1159/000485212

Hénaut L, Massy ZA. New insights into the key role of
interleukin 6 in vascular calcification of chronic kidney
disease. Nephrology, dialysis, transplantation : official
publication of the European Dialysis and Transplant
Association - European Renal Association, 2018; 33
(4):543-548. doi:10.1093/ndt/gfx379

Ferre S, Li X, Adams-Huet B, Maalouf NM, Sakhaee
K, Toto RD, Moe OW, Neyra JA. Association of serum
magnesium with all-cause mortality in patients with
and without chronic kidney disease in the Dallas Heart
Study. Nephrology, dialysis, transplantation : official
publication of the European Dialysis and Transplant
Association - European Renal Association, 2018; 33
(8):1389-1396. doi:10.1093/ndt/gfx275

Tanaka T, Narazaki M, Kishimoto T (2014) IL-6 in
inflammation, immunity, and disease. Cold Spring Harb
Perspect Biol 6 (10):a016295-2016295. doi:10.1101/
cshperspect.a016295

Kidney Disease: Improving Global Outcomes
CKDMBDUWG . KDIGO 2017 Clinical Practice
Guideline Update for the Diagnosis, Evaluation,
Prevention, and Treatment of Chronic Kidney
Disease-Mineral and Bone Disorder (CKD-MBD).
Kidney Int Suppl, 2011; 7 (1):1-59. doi:10.1016/].
kisu.2017.04.001

Swaminathan R. Magnesium metabolism and its
disorders. Clin Biochem Rev 24, 2003; (2):47-66
Sakaguchi Y, Hamano T, Isaka Y. Magnesium and
Progression of Chronic Kidney Disease: Benefits
Beyond Cardiovascular Protection?. Advances
in chronic kidney disease 25, 2018; (3):274-280.
doi:10.1053/j.ackd.2017.11.001

Cunningham J, Rodriguez M, Messa P. Magnesium in
chronic kidney disease Stages 3 and 4 and in dialysis
patients. Clin Kidney J. 2012; 5 (Suppl 1):139-151.
doi:10.1093/ndtplus/sfr166

Su H, Lei CT, Zhang C. Interleukin-6 Signaling
Pathway and Its Role in Kidney Disease: An Update.
Frontiers in immunology, 2017; 8:405. doi:10.3389/
fimmu.2017.00405

IJTID, p-ISSN 2085-11083, e-ISSN 2356-0991
Open acces under CC-BY-NC-SA Share alike 4.0



Astrid Kristina Kardani, et al.: Increased Interleukin-6 as Inflammatory Response

14.

15.

16.

17.

18.

19.

Jones, S. A., Fraser, D.J., Fielding, C. A., & Jones, G. W.
Interleukin-6 in renal disease and therapy. Nephrology
Dialysis Transplantation, 30(4), 564-574.2015;
30(4):564-574. doi:10.1093/ndt/gfu233

Zahed NS, Chehrazi S. The evaluation of the relationship
between serum levels of Interleukin-6 and Interleukin-
10 and metabolic acidosis in hemodialysis patients.
Saudi journal of kidney diseases and transplantation
:an official publication of the Saudi Center for Organ
Transplantation, Saudi Arabia, 2017; 28 (1):23-29.
doi:10.4103/1319-2442.198106

Cavalcanti A, Santos R, Mesquita Z, Duarte AL,
Lucena-Silva N. Cytokine profile in childhood-onset
systemic lupus erythematosus: a cross-sectional
and longitudinal study. Brazilian journal of medical
and biological research = Revista brasileira de
pesquisas medicas e biologicas, 2017; 50(4):e5738.
doi:10.1590/1414-431x20175738

Subandiyah K, Ghofar HF, Fitri LE. Difference of
Vitamin D and Interleukin-6 Levels in Children with
Steroid-Resistant, Steroid-Sensitive and Idiopathic
Nephrotic Syndrome. Journal of Tropical Life Science,
2019; 9 (2):179-187

Jafar T, Agrawal S, Mahdi AA, Sharma RK, Awasthi
S, Agarwal GG. Cytokine gene polymorphism in
idiopathic nephrotic syndrome children. Indian J Clin
Biochem, 2011; 26 (3):296-302. doi:10.1007/s12291-
011-0126-2

Kim SH, Park SJ, Han KH, Saleem MA, Lim BJ,
Shin JI. (2016) Pathogenesis of minimal change
nephrotic syndrome: an immunological concept. Clin
Exp Pediatr, 2016; 59(5): 205-211. doi:10.3345/
kjp.2016.59.5.205

20.

21.

22.

23.

24.

25.

100

Magno AL, Herat LY, Carnagarin R, Schlaich
MP, Matthews VB. Current Knowledge of IL-6
Cytokine Family Members in Acute and Chronic
Kidney Disease. Biomedicines, 2019; (7):1-15. doi
:10.3390/2019/7010019.

Barreto DV, Barreto FC, Liabeuf S, Temmar M,
Lemke HD, Choukron G, Massy ZA. (2010) Plasma
interleukin-6 is independently associated with mortality
in both hemodialysis and pre-dialysis patients with
chronic kidney disease. Kidney International. 2010;
77:550-556.d0i:10.1038/ki.2009.503

Fasset RG, Venuthurupalli SK, Gobe GC, Coombes JS,
Cooper MA, Hoy WE. (2011) Biomarkers in chronic
kidney disease : a review. Kidney International, 2011;
80:806-821. doi:10.1038/ki.2011.198

Schwalfenberg GK, Genuis SJ. The Importance of
Magnesium in Clinical Healthcare. Scientifica (Cairo)
2017; 4179326-4179326. doi:10.1155/2017/4179326
Patel H, Redkar V, Kulkarni A, Kale A. (2018) A study
of serum magnesium level in patients with chronic renal
failure at tertiary care hospital. International Journal
of Contemporary Medical Research. 2018; 5(10);5-8.
doi:10.21276/ijemr.2018.5.10.21

Bressendorf I, Hansen D, Schou M, Silver B, Pasch A,
Bouchelouche P, Pedersen L, Rasmussen LM, Brandi
L. (2017) Oral magnesium supplementation in chronic
kidney disease stages 3 and 4: efficacy, safety, and
effect on serum calcification propensity, A prospective
randomized double blinded placebo controlled clinical
trial. Kidney Int Rep, 2017, 2: 380-389. doi:10.1016/j.
ekir.2016.12.008

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991
Open acces under CC-BY-NC-SA Share alike 4.0



Available online at IUTID Website: https://e-journal.unair.ac.id/IJTID/

. ]ndonesian_ Joumql of
Tropical and Infectious Disease

Vol. 9 No. 2 May—August 2021

Research Article

Antibacterial Activity of Ethanol Extract of Kemuning (Murraya
Paniculata) Against Klebsiella pneumoniae ESBL by In Vitro Test

Illona Okvita Wiyogo!, Pepy Dwi Endraswari?, Yuani Setiawati3
Faculty of Medicine, Universitas Airlangga, Surabaya Indonesia
2Departement of Microbiology, Faculty of Medicine, Universitas Airlangga, Surabaya Indonesia
3Departement of Pharmacology, Faculty of Medicine, Universitas Airlangga, Surabaya Indonesia

Received: 07" August 2018; Revised: 08" July 2020; Accepted: 19" March 2021

ABSTRACT

Klebsiella pneumoniae Extended-spectrum B-lactamase (ESBL) was one of the microorganism that cause nosocomial
infection which resistant to beta-lactams antibiotics. Orange Jessamine (Murraya paniculata) was traditional medicine
which believed has antibacterial components, such as: flavonoids, alkaloids, essential oils, coumarins, terpenoids, tannins,
and saponins. In the previous studies, there was antibacterial activity in ethanolic extract of Murraya paniculata againsts
E.coli, K.pneumoniae, S.typhi, E.faecalis, P.aeruginosa, S flexneri, S.aureus, and S.sonneii with concentration 200 mg/
mL. There has not experiment about ethanolic extract of Murraya paniculata against Klebsiella pneumoniae ESBL yet.
The aim of this study was to find out the in vitro antibacterial activity of ethanol extracts of Murraya Paniculata against
Klebsiella pneumoniae ESBL Broth dilution method with concentration 200 mg/mL, 100 mg/mL, 50 mg/mL, 25 mg/mL,
12,5 mg/mL, 6,25 mg/mL, and 3,125 mg/mL were used for the determination of the Minimal Inhibitory Concentration
(MIC). While the Minimal Bacterial Concentration (MBC) was assessed using streaking method in Nutrient Agar Plate.
The highest concentration in this study was obtained from 100 g of Murraya paniculata leaves dissolved in 500 mL of
40% ethanol. The study was carried out 4 times replication. At the time of the sterility test extract, germ growth appeared
on Nutrient Agar Plate media, so the extract was filtered before being used for research. After incubation at 37 °C for 24
hours, growth of bacterial colonies on all agar plates was observed. The concentration of the ethanol extract of Murraya
Paniculata (200 mg/mL) did not inhibit the growth of Klebsiella pneumoniae ESBL. The ethanol extracts of Murraya
paniculata in concentration 200 mg/mL had no antibacterial activity against Klebsiella pneumoniae ESBL.

Keywords: Antibacterial, ethanol extracts, Klebsiella pneumoniae, ESBL, Murraya paniculata leaves

ABSTRAK

Klebsiella pneumoniae extended-spectrum B-lactamase (ESBL) merupakan salah satu mikroorganisme yang menyebabkan
infeksi nosokomial yang resisten terhadap antibiotik beta-laktam. Oranye Jessamine (Murraya paniculata)adalah obat
tradisional yang diyakini memiliki komponen antibakteri, seperti: flavonoid, alkaloid, minyak esensial, kumarin, terpenoid,
tanin, dan saponin. Dalam studi sebelumnya, ada antibakteri aktivitas ekstrak etanol Murraya paniculata melawan
E.coli, K. pneumoniae, S.typhi, E.faecalis, P.aeruginosa, S.flexneri, S.aureus, dan S.sonneii dengan konsentrasi 200 mg/
mL. Belum ada eksperimen tentang ekstrak etanol Murraya paniculata terhadap Klebsiella pneumoniae ESBL. Tujuan
dari penelitian ini adalah untuk mengetahui aktivitas antibakteri in vitro ekstrak etanol Murraya Paniculata terhadap
Klebsiella pneumoniae ESBL. Metode pengenceran kaldu dengan konsentrasi 200 mg/mL, 100 mg/mL, 50 mg/mL, 25 mg/
mL, 12,5 mg/mL, 6,25 mg/mL, dan 3,125 mg/mL digunakan untuk penentuan Minimum Inhibition Concentration (MIC),
sedangkan Minimal Bacterial Concentration (MBC) dinilai menggunakan metode goresan pada Pelat Agar Nutrien.
Konsentrasi tertinggi dalam penelitian ini diperoleh dari 100 g daun Murraya paniculata yang dilarutkan dalam 500 mL
etanol 40%. Penelitian dilakukan 4 kali replikasi, dimana pada saat ekstrak uji sterilitas pertumbuhan kuman muncul pada
media agar nutrien agar, sehingga ekstrak disaring sebelum

* Corresponding Author: digunakan untuk penelitian. Setelah inkubasi pada 37 ° C
illonawi@gmail.com selama 24 jam, pertumbuhan koloni bakteri pada semua
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sehingga piring diamati. Konsentrasi ekstrak etanol Murraya Paniculata (200 mg/mL) tidak menghambat pertumbuhan
Klebsiella pneumoniae ESBL. Ekstrak etanol Murraya paniculata dalam konsentrasi 200 mg/mL tidak memiliki aktivitas

antibakteri terhadap Klebsiella pneumoniae ESBL.

Kata Kunci: Anti bakteri, Ekstrak Etanol, Klebsiella pneumoniae, ESBL, Daun Murraya paniculata

How to cite: Wiyogo, 1., Endraswari, P., & Setiawati, Y. (2021). Antibacterial Activity of Ethanol Extract of Kemuning
(Murraya Paniculata) Against Klebsiella pneumoniae ESBL by In Vitro Test. Indonesian Journal of Tropical and Infectious

Disease, 9(2) 101-106

INTRODUCTION

The percentage of nosocomial infection in Haji
Adam Malik Hospital, Medan in 2010 is 6-16%
and the mean is 9.8%.! The most frequently
detected infection is Nosocomial Pneumonia
(both ventilator and non-ventilator associated),
and followed by urinary tract infection and central
venous catheter associated bloodstream infections
respectively.? Ventilator-associated Pneumonia
(VAP) is the most common nosocomial infection
among critical patients.

Nosocomial infection is handled differently
from the non-nosocomial one since nosocomial
infection is generally due to Multidrug-resistant
bacteria. In developing countries, antibiotics are
often used in irrational dose, hence the increased
prevalence of antibiotic-resistant bacteria in
hospitals.? The prevalence of Imipenem-resistant
Acinetobacter, Imipenem-resistant P.aeruginosa,
and Oxacillin-resistent S.aureus are 67.3%,
27.2% and 82.1% respectively. Several bacteria
are categorized as multidrug-resistant. The
bacteria’s high level of resistance might limit
therapy options.*

Bacteria producing extended-spectrum
B-lactamase (ESBL) cannot be overcome with
penicillin, cephalosporin, and monobactam
aztreonam, such as several K. pneumoniae
strains.” The infection case of K. pneumoniae
ESBL in the group of nosocomial infection is
11 times higher than those of the community-
acquired infection group.®

Indonesia is a tropical country with abundant
medicinal plants, one of which is orange
jessamine (Murraya paniculata). Medicinal
plants generally contain phenolic compounds,
1.e. phenolic acids, flavonoids, tannins, stilbenes,
curcuminoids, coumarins, lignans, quinones, etc.”

The leaves of orange jessamine (Murraya
paniculata) contain bioactive compounds
which are secondary metabolites, such as
alkaloids, flavonoids, saponins, terpenoids,
and tannins.® Since 1970, flavonoids and
coumarins have been isolated from Murraya
paniculata.® Evaluations on the synthesis
of nitro coumarins with or without the
substitution of methyl or methoxy group
has shown antibacterial activity against
Staphylococcus aureus, Escherichia coli and
Candida albicans strains.!?

Other studies report that Murraya paniculata
has many benefits including anti-platelet
aggregation, antiamoebic, anti-giardial,
insecticide, pain relief, antidiabetic, antioxidant,
antifungal, lipoxygenase and respiratory burst
inhibitor.!! This study aims to test antibacterial
activity of orange jessamine extract against
Multidrug-Resistance (MDR) bacteria,
Klebsiella pneumoiae producing ESBL.

METHODS

This is a quasi-experimental study with
Convenience Post Test Controlled Design,
aimed to find out the antibacterial activity
of the leaves of orange jessamine against
Klebsiella pneumoniae ESBL with dilution
method. The orange jessamine (Murraya
paniculata) leaf extract were obtained
from Materia Medica Laboratory, Batu,
while antibacterial activity was tested in
Microbiology Laboratory of Faculty of
Medicine Universitas Airlangga.

The independent variable is ethanol extract
of orange jessamine (Murraya paniculata) leaf
extract concentration, while the dependent
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variable is inhibition effect of Klebsiella
pneumoniae ESBL bacteria growth in each
tube containing concentration of ethanol
extract orange jessamine leaf The control
variable are temperature and incubation time
of sensitivity test with dilution method.

The suspension treatment groups of Klebsiella
pneumoniae ESBL was exposed to ethanol
extract orange jessamine leaf. The groups were
T1 (100%), T2 (50%), T3 (25%), T4 (12.5%),
T5 (6.25%), T6 (3.125%) and T7 (1.5625%).
The control groups consisted of K1 (liquid
medium and bacteria) and K2 (liquid medium
and ethanol extract orange jessamine leaf).
Minimum Inhibitory Concentration (MIC) is the
lowest concentration that is still able to inhibit
bacterial growth, Whereas, Minimum bactericidal
concentration (MBC) is the lowest concentration
that is able to kill bacteria. A further observation
to determine MBC can be conducted upon the
obtaining of growth inhibitory effect.

The test for antibacterial activity in ethanol
extract orange jessamine leaf against Klebsiella
pneumoniae ESBL is conducted with dilution
method to determine MIC and MBC, which are
analyzed descriptively and statistically using
Analysis of Variance (Anova).

RESULT

This study used orange jessamine leaf extract
obtained through maceration method. The highest
concentration in this study was obtained from 100 g
of Murraya paniculata dissolved in 500 mL of 40%
ethanol. The compared extract concentrations were
200 mg/mL, 100 mg/mL, 50 mg/mL, 100 mg/mL,
50 mg/mL, 25 mg/mL, 12.5 mg/mL, 6.25 mg/mL

and 3.125 mg/mL. In this study, replications were
carried out four times. During extract sterility test,
there was bacterial growth in the medium Nutrient
Agar Plates. Thus, the extract was filtered prior to
the use in this study (Table 1).

The use of dilution method was aimed to
assess the MIC. There were seven tubes with
different concentration of extract ethanol of
Murraya paniculata leaves and two tubes as
the positive and negative control. The positive
control tube contained bacteria and liquid Mueller
Hinton Broth (MHB), while the negative one
contained extract and liquid MHB. From all the
conducted replications, all tubes were unable to
identify as the extract color tended to appear dark
(Figure 1). Thus, streaking was carried out on
Nutrient Agar Plates to directly observe if there
was any inhibition in the growth of Klebsiella
pneumoniae ESBL bacteria by extract ethanol
of Murraya paniculata leaves. After incubated in
the temperature of 37°C for 24 hours, bacterial
growth appeared in al Nutrient Agar Plates
(Figure 2). The adding of extract up to the highest
concentration showed that there was still bacterial
growth in Nutrient Agar Plates

Figure 1. Results of dilution test of orange jessamine
leaf extract using ethanol as solvent

Table 1. Data on Minimum Inhibitory Concentration showing no antibacterial effect on the extract
concentration of 3.125-200 mg/mL.

Replication Extract Concentration (mg/mL )
200mg/mL 100 mg/mL 50 mg/mL 25 mg/mL 125 mg/mL  6.25 mg/mL  3.125 mg/mL
1 - - - - - - -
2 - - - - - - -
3 - - - - - - -
4 - - - - - - -

Note: (-) bacterial growth appeared
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Figure 2. Results of streaking on Nutrient Agar
Plates, showing bacterial growth in
all extract concentration of Murraya

paniculata leaf extract.

Analysis of the Results

This study on antibacterial activity used extract
ethanol of Murraya paniculata leaves dissolved
in 40% ethanol. This study was conducted by
comparing the antibacterial activity of extract
ethanol of Murraya paniculata leaves with ethanol
as the solvent in several concentrations, ranging
from 200-3.125 mg/mL. MHB media were put
in all tubes (except for the one with 200 mg/mL
concentration) to reduce the extract concentration
to half of the initial concentration.

After all tubes were filled with the required
amount of concentration, the bacterial suspensions
measured using McFarland’s 0.5 standard were
added to each tube. Furthermore, the tubes were
incubated in the temperature of 37°C for 24 hours.
The results can be seen in tube 1 to 7 (the tubes
appeared turbid, resembling the positive control
tube). Similar thing occurred to the other tubes.
Due to the turbidity, observation could not be
carried out for MIC. Therefore, streaking was
conducted on Nutrient Agar Plates to confirm the
obtained results.

After incubated in 37°C temperature for 24
hours, there were bacterial colony growths in all
Agar Plates. It was concluded that adding extract
ethanol of Murraya paniculata leaves extract up
to the concentration of 200 mg/mL is unable to
inhibit the Klebsiella pneumoniae ESBL bacterial
growth.

DISCUSSION

Dilution was carried out by preparing seven
tubes containing MHB which then added with
extract in certain concentrations and bacterial

suspension. After incubated in the temperature
of 37°C for 24 hours, the tubes were observed.
Bacterial growth still occurred if the solution
appeared more turbid than in the negative control.
The extract was made from 100 grams of Murraya
paniculata and 500 mL of 40% ethanol. This
study was carried out four times according to
Federer’s formula measurement. There were
four mechanisms of bacterial resistance against
B-lactam enzyme: P-lactam inactivation by
B-lactamase enzyme; Penicillin Binding Protein
(PBP) production with lower affinity against
antibiotics; changes in porin channel leading to
decreased permeability against antibiotics; and
efflux pump that encourages antibiotics to escape
the cells.!?

Klebsiella pneumoniae ESBL is a bacterium
that is able to product B-lactamase enzyme,
the enzyme that resist to all penicillin and
cephalosporins, including the sulbactam and
clavulanic acid combinations and monobactams
such as aztreonam. '3 The expression of B-lactamase
enzyme induced by muropeptides, which is a
product from cell wall metabolism of Gram-
negative bacteria.!'4

According to the phytochemical assay, ethanol
extract contains more secondary metabolite
compounds than water extract does. Secondary
metabolite compounds comprise alkaloids,
flavonoids, saponins, triterpenoids, steroids, and
tannins. !>

Active ingredients of extract ethanol of
Murraya paniculata leaves and are fathomed
to have antibacterial effect are volatile oil,
flavonoids, alkaloids, coumarins, terpenoids,
saponins, and tannins. Volatile oil contains a
compound acting as antibacterial by interrupting
the forming of membranes or cell walls.!®
Flavonoids, which is derived from phenol,
show antibacterial activity since its penetration
into cells causes protein precipitation, protein
denaturation, protein coagulation, structure
damage, and membrane lysis.!” Alkaloids
interrupt peptidoglycan components in bacterial
cells, causing cell walls not to form well and the
cell itself to die.'® Coumarins show antibacterial
activity due to its lipophilic structures and planar
molecules that contribute to the penetration to cell

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991
Open acces under CC-BY-NC-SA Share alike 4.0



105 Indonesian Journal of Tropical and Infectious Disease, Vol. 9 No. 2 May—August 2021: 101-106

membrane or wall. Adding methyl or O-methyl
group in the C6 or C7 position into coumarin
aromatic core maintains the antibacterial activity
in Gram-negative bacteria.?’

Terpenoids as a antimicrobial compounds
whose mechanism of action is membrane
disruption, could be futuristic biocide properties.
It can be used in conjunction with other products
such as antibiotics at sub-effective concentrations
therefore it can confer bacterial resistance
to antibiotics.!” Saponins extract of the A.
articulate have antimicrobial activity on ranges
of Gram- negative antibiotic-resistant isolates.??
Saponin compound in Acacia Arabica extract
has antimicrobial activity against diarrheagenic
E.coli.?! Saponin-rich extracts from guar meal
and quillaja exhibited antibacterial activity
against S.aureus.?> Tannins has phenolic group
which can be as antimicrobial and formulation
based on tannin-rich plants have been used as
diarrhea treatment.?? The previous study proved
antibacterial effect of Murraya paniculata extract.
Ethanol extract in Murraya paniculata inhibits
the growths of E.coli, K.pneumoniae, S.typhi,
E.faecalis, P.aeruginosa, S.flexneri, S.aureus,
and S.sonneii in 200 mg/mL concentration.
(24) Meanwhile, 200 mg/mL concentration of
ethanol extract in Murraya paniculata non-
significantly inhibits E.coli, Pmirabilis, S.Typhi
and E.aerogenes.?

The results show that extract ethanol of
Murraya paniculata leaves fail to inhibit and
terminate Klebsiella pneumonia ESBL bacterial
growth. This might be due to several matters,
including: inhibition and termination of K/ebsiella
pneumonia ESBL require concentration of >200
mg/mL; combination with other antibiotics is
required for optimum inhibition of Klebsiella
pneumonia ESBL bacterial growth; further
extraction is required until pure compound
is obtained, enabling adjustment to optimum
solvent.

In a study using Murraya paniculata ethanol
extract with 300 mg/mL concentration, the growth
of E.coli, Pmirabilis, S.typhi, dan E.aerogenes
were inhibited significantly.?> Other study reported
that total alkaloids extracted from Sophorea
alpecuroides L. combined with cefotaxime or

ceftazidime against E. coli ESBL has MICs of
12.5 mg/mL.26 Total alkaloids increase bacterial
susceptibility to cefotaxime and ceftazidime
by 8-16 times. Natural flavonoid combined
separately with amoxicillin. clavulanic acid,
ampicillin/sulbactam and cefoxitin synergically
inhibit the activities of Klebsiella pneumoniae
ESBL that is still susceptible to imipenem and
cefmetazole.?

The three most studied coumarins
include auraptene, umbelliprenin and
7-isopentenyloxycoumarin.?’” Auraptene inhibits
bacterial activity producing B-lactamase class
A28

In conclusion, The six flavonoids: 5,7-
dimethoxyflavanone-4'-O-B-D-glucopyranoside;
5,7-dimethoxyflavanone-4'-O-[2"-O-(5"-O-
trans-cinnamoyl)-B-D-apiofuranosyl]-B-D-
glucopyranoside; 5,7,3'-trihydroxy-flavanone-
4'-0-B-D-glucopyranoside; naringenin 7-O-3-D-
glucopyranoside; rutin; and nicotiflorin, inhibit
the of Klebsiella pneumoniae ESBL growth.?®

CONCLUSION

Extract ethanol of Murraya paniculata
leaves with concentration 200 mg/mL shows
no antibacterial effects against the growth of
Klebsiella pneumoniae ESBL. The MIC of orange
jessamine leaf extract is indeterminable.
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ABSTRACT

Since the first report of pneumonia outbreak in Wuhan by the end of 2019, Coronavirus Disease 2019 (COVID-19) has
become a global pandemic, causing millions of deaths globally and affecting the rest of worldwide population. The
disease is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), which enters hosts by inhabiting
Angiotensin-Converting Enzyme-2 (ACE-2) receptors expressed in the endothelium layer of not only the respiratory tracts,
but also various organs in the body. COVID-19 has been reported to trigger multiple cardiovascular manifestations.
Since endothelial dysfunction plays an important role in cardiovascular events and the endothelium is heavily involved
in COVID-19 pathophysiology, it is important to investigate their associations and previously established drug potencies
to improve endothelial functions as possible treatment options for COVID-19. In this review, we summarize endothelial
dysfunction biomarkers involved in COVID-19 and drugs that have shown potential endothelial protective properties to
better understand the incidence of endothelial dysfunction in COVID-19 and its future treatment. We searched in PubMed,
Wiley Online Library, EBSCO, ScienceDirect databases for literatures containing following keywords: “Endothelial
dysfunction”, “COVID-19", and “biomarkers”. Eligible publications were then assessed and studied to comprise our
literature review. A total of 96 studies matched our criteria and provided scientific evidences for our review. Materials were
then compiled into a review summarizing endothelial biomarkers involved in COVID-19 and potentially repurposed drugs
targeting endothelium for COVID-19.Various endothelial dysfunction biomarkers were found to be elevated in COVID-
19 and is found to be related to its severity, such as adhesion molecules, selectins, PAI-1, and von Willebrand Factors.
Multiple drugs targeting the endothelium are also potential and some are under investigation for COVID-19.

Keywords: COVID-19, endothelial dysfunction, SARS-COV-2, biomarkers

ABSTRAK

Sejak pertama kali pelaporannya sebagai wabah pneumonia di Wuhan pada akhir 2019, Corona Virus disease 2019
(COVID-19) telah menjadi pandemi global yang menyebabkan jutaan kematian dan memengaruhi populasi di seluruh
dunia. Penyakit ini disebabkan oleh SARS-CoV-2 yang menginvasi sel inang dan berikatan dengan reseptor angiotensin-
converting enzyme-2 (ACE-2) yang diekspresikan lapisan endotel saluran pernapasan serta berbagai organ lain dalam
tubuh. COVID-19 telah dilaporkan dapat menimbulkan berbagai manifestasi gangguan kardiovaskular. Mengingat peran
penting disfungsi endotel yang berperan dalam kejadian kardiovaskular dan patofisiologi COVID-19, maka penting
menyelidiki hubungan di antaranya. Selain itu, perlu dilakukan telaah mengenai potensi obat yang sebelumnya telah terbukti
memperbaiki fungsi endotel sebagai pilihan terapi yang digunakan untuk COVID-19. Pada studi ini, kami memaparkan
beberapa biomarka disfungsi endotel yang terlibat pada COVID-19 dan obat-obatan yang melindungi endotel sebagai
terapi potensial COVID-19 di masa mendatang. Kami melakukan pencarian di database PubMed, Perpustakaan Online
Wiley, EBSCO, dan ScienceDirect untuk literatur yang berisi kata kunci berikut: “Disfungsi endotel”, “COVID-19", dan
“biomarker”. Publikasi yang memenuhi syarat kemudian

* Corresponding Author: dinilai dan ditelaah untuk menyusun tinjauan pustaka.
andrianto@fk.unair.ac.id Sebanyak 96 publikasi memenuhi kriteria dan memberikan
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bukti ilmiah untuk tinjauan pustaka ini. Materi kemudian disusun menjadi ulasan yang merangkum biomarker-biomarker
endotel yang terlibat dalam COVID-19 dan obat-obatan dengan target endotel yang potensial . Berbagai biomarker
disfungsi endotel ditemukan meningkat pada COVID-19 dan terkait dengan tingkat keparahannya, seperti molekul adhesi,
selektin, PAI-1, dan Faktor von Willebrand. Beberapa obat yang menargetkan endotel juga ditemukan memiliki potensi
dengan beberapa tengah diinvestigasi lebih lanjut sebagai terapi COVID-19.

Kata kunci: COVID-19, disfungsi endotel, SARS-CoV-2, biomarka

How to Cite: Andrianto., Rizkiawan., Harsoyo, PM., Yasmine, S. COVID-19 and Endothelial Dysfunction: Biomarkers
and Potential Drug Mechanismsct. Indonesian Journal of Tropical and Infectious Disease, 9(2), 107-118.

INTRODUCTION

In December 2019, a novel corona virus was
isolated from the respiratory tract epithelial layer
of a patient with pneumonia of unknown cause in
Wuhan, China. By November 2020, the Severe
Acute Respiratory Syndrome-Coronavirus-2
(SARS-CoV-2), and its consequential disease,
Coronavirus Disease 2019 (COVID-19), has
now infected more than 46 millions of people all
over the world and caused more than 1.2 million
global death.!

Beside instigating substantial pulmonary
disturbances such as pneumonia and acute
respiratory distress syndromes, COVID-19 is
known to trigger extrapulmonary responses,
including cardiovascular manifestations. Several
reported cardiovascular manifestations of COVID-
19 include myocardial ischemia, arrhythmia, and
even cardiogenic shock.!?

Endothelial dysfunction is a significant
contributor of various cardiovascular diseases
mechanism. Endothelial cells play a major role
in maintaining blood tissue non-thrombogenicity,
regulating thrombosis, thrombolysis, thrombocyte
adherence, vascular tone, and blood flow.! Any
disturbance of endothelial function may trigger a
progression of cardiovascular problems.3

SARS-CoV-2 exploits Angiotensin-
Converting-Enzyme-2 (ACE-2) as a receptor
to attack human cells. ACE-2, a main target
component in various cardiovascular diseases
mechanism and drugs, is widely expressed in
both respiratory endothelial layers and vascular
endothelial layers. Therefore, it is important to
learn of the endothelial involvement in COVID-19
related cardiovascular function alterations as well
as the changes of biomarkers it comprises.!-?

DISCUSSION

SARS-CoV-2 related endothelial changes

The innermost part of the vascular system
is comprised of a single layer of endothelial
cells called endothelium. A healthy endothelium
maintains blood fluidity through platelet reactivity
regulation, coagulation, and smooth thrombolysis
by synthesizing and responding to vasoactive
molecules accordingly.? The endothelium,
alongside its primary immunoregulatory
properties, also plays an important role in
maintaining dynamic interactions between
pro-coagulant and fibrinolytic factors within
the vascular system. In its inactive state, the
endothelium acts as a barrier that separates pro-
thrombotic subendothelial layers and procoagulant
factors carried within the circulation.?

SARS-CoV-2 directly affects the endothelial
cells due to the high expression of ACE-2
receptors and Transmembrane Protease, Serine 2
(TMPRSS2) enzyme. After being bound by SARS-
CoV-2, ACE-2 receptors are internalized such that
the diminishing number of ACE-2 in endothelial
cells promotes inflammation and thrombosis,
triggered by subsequent hyperactivity of local
Angiotensin-II (Ang-II). The decrease of ACE-2
receptors also reduces a number of conversions
it normally mediates, including Angiotensin 1-7
from Ang-1I, which acts as a vasoactive ligand
of the MAS receptor. This causes reduction
of MAS receptor activation and induction of
pro-inflammatory phenotypes through the
increase of type-1 Angiotensin receptor (AT,R)
activation. Furthermore, the decrease of ACE-2
receptor prevents the degradation of des-Arg-9-
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Bradykinin (DABK) into inactive peptides, which
subsequently raises prothrombotic signals through
bradykinin receptors (BKRs) activation.*>

Endothelial activation and subsequent
dysfunction is marked by imbalance of
endothelium-released vasomotor factors,
expressions of inflammatory cytokines and
chemokines, expression and secretion of selectins
and adhesive molecules as well as modulation
of local thrombotic pathway.® The release of
cytokines and pro-inflammatory chemokines by
activated macrophages augments the vicious circle
of'vascular integrity, coagulation, and thrombosis
disturbances through reduction of endothelial
glycocalyx, activation of coagulation system,
and dampening of anticoagulation mechanism.
Endothelial cell adhesive phenotypes induced
by pro-inflammatory cytokines and chemokines
promote neutrophil infiltration, producing large
quantity of histotoxic components such as
reactive oxygen species (ROS) and Neutrophil
Extracellular Traps (NETs).

Endothelial activation is the transition of static
phenotype to a specific phenotype involving
responses to host immunity.? Endothelial cells
activation causes an increase of inflammatory
cytokines and adhesion molecules, triggering
releases of leukocyte, adhesion, and migration
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to subendothelial chambers, constituting
fundamental process of atherosclerotic lesion
initiation, progress, and destabilization.’ Activated
endothelial cells begin coagulation process by
expressing P-selectin, von Willebrand factor
(vWi), and fibrinogen, causing massive platelet
binding, formation of fibrin and clotting of
Red Blood Cells (RBC), which finally results
in systemic thrombosis and Disseminated
Intravascular Coagulation (DIC).*

Measurable biomarkers of endothelial
activation and dysfunction

Activated endothelial cells express increased
levels of E-selectin, P-selectin, Intercellular
Adhesion Molecule 1 (ICAM-1), and Vascular Cell
Adhesion Molecule 1 (VCAM-1). Upregulations
of E-selectins, ICAM-1, and VCAM-1 are
mediated at transcription level. E-selectin induces
the rolling of circulatory leukocytes. VCAM-1
and ICAM-1 induces strong adhesion by binding
Very Late Antigen 4 (VLA4) and Leucocyte
Function Antigen-1 (LFA-1). After strong
adhesion, leukocyte migrates through endothelial
cells into its underlying tissues. Among these
molecules, the adhesion molecules (ICAM-1 and
VCAM-1), selectins (E-selectin and P-selectins),
plasminogen activator inhibitor-1 (PAI-1), and
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Figure 1. Alterations of endothelial, systemic coagulation and thrombotic functions due to SARS-CoV-2

infection.®
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von Willebrand Factor (vVWF) are easily obtained
from the circulation and well measured by
commercial immunoassays.’

Adhesion molecules

Endothelial dysfunction can be detected by
the increase of circulating cellular adhesion
molecules (CAM), including ICAM-1 and
VCAM-1. ICAM-1 and VCAM-1 are minimally
expressed in inactive endothelial cells. However,
these expressions can be augmented by activation
of cytokines and endotoxin liposaccharides.
Thrombin and histamine stimulations selectively
induce endothelial P-selectin expression, whereas
cytokines and liposaccharides stimulations induce
E-selectins expression-’-8

Studies have shown that endothelial cellular
adhesion markers, VCAM-1 and ICAM-1, are
increased in COVID-19 patients compared
to control group.” These markers were also
found significantly higher in severe COVID-19
infections, associating the severity of COVID-
19 infection with increase of serum VCAM-1
and ICAM-1.° Likewise, the recovery of severe
COVID-19 infections was also associated with a
decrease of serum VCAM-1 and ICAM-1 levels
over time. Therefore, it could be inferred that
according to the study, the increase of endothelial
cellular adhesion molecule expression is correlated
with the presence of COVID-19 and its severity,
as well as indicating a contribution to patient’s
coagulopathy state.” To further support this, a
previous postmortem study had demonstrated a
marked endothelial dysfunction in COVID-19
patients with significant increase of ICAM-1.19

Selectins

Besides VCAM-1 and ICAM-1, endothelial
cells also express P-selectin and E-selectin.
P-selectin is a cellular adhesion molecule stored
inside the endothelium and thrombocytes which
would be rapidly deployed into plasma membrane
upon activation.!! As infection progresses,
P-selectin increases platelet aggregation and
platelet-endothelium interaction. Soluble
P-selectin (sP-selectin) is produced through
enzymatic release of mobilized P-selectins during
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inflammation.!? Experiments with genetically
engineered rat in pro-coagulant state revealed
high level of sP-selectin expressions. On the
other hand, sP-selectin was also proven to be a
significant marker of several inflammatory and
pro-coagulopathy disorders, including systemic
inflammatory responses.!!-1415> Most recent study
showed increase of sP-selectin in COVID-19
cases, further supporting the theory of COVID-19
being an endothelial dysfunction disorder.!®

E-selectin can also provide as markers of
endothelial dysfunction. E-selectin (CD62E) is
a leukocyte adhesion molecule that is expressed
by activated endothelial cells. Endothelial cells
of normal skin and bone marrow or in the case
of infantile hemangioma constitutively express
E-selectin, in contrast with endothelial cells from
other tissues that do not.!%:!° However, these
expressions are tightly regulated by inflammatory
cytokines. Soluble E-selectins (sE-selectin)
are released during inflammation and has long
been proposed as a biomarker of endothelial
dysfunction, especially in cases of sepsis.?0
Therefore, increased circulating sE-selectin
alongside mRNA increase confirm the presence
of endothelial dysfunction in COVID-19 as well
as a linear correlation with its severity. Smadja et
al. found in their study that there was an increase
of E-Selectin level in COVID-19 patients. This
strengthens the theory of endothelial dysfunction
in COVID-19.2!

Plasminogen activator inhibitor-1 (PAI-1)

Procoagulant condition formed by endothelial
activation can also be measured from alterations
of balance between tissue plasminogen activator
(t-PA) and its endogen, plasminogen activator
inhibitor-1.22 Plasminogen activator inhibitor-1,
also known as endothelial PAI, is a serine protease
inhibitor (serpin) which serves as main inhibitor
of t-PA and urokinase type plasminogen activator
(u-PA), a fibrinolytic agent with recent additional
non-fibrinolytic properties reported.?3-2¢ While
also secreted by other tissues such as adipose
tissue, PAI-1is mainly produced by endothelium.
Increase of PAI-1 is a risk factor of thrombosis
and atherosclerosis.???
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One characteristic of COVID-19 is leukocyte
sequestration, especially neutrophils, in the
pulmonary microvasculature—which contributes
to alveolar injury and infinite inflammation.?’
Local pro-inflammatory environment is
exaggerated by the formation of NET which
results in mass production of pro-inflammatory
cytokines.?® These cytokines trigger endothelial
cells activations and possibly promotes release of
t-PA and PAI-1.2829 Activated endothelial cells
expresses raised levels of PAI-1, inhibiting t-PA
and u-PA, further instigating hemostasis balance
alteration to procoagulant state.!”

In a study by Zuo, PAI-1 level is found to
be raised in COVID-19 patients.3? This raise
has a significant correlation between PAI-1
as well as circulating absolute neutrophil and
calprotectin. This supports the presence of
endothelial dysfunction in COVID-19.3° Besides
endothelial activation, there is a possibility that
direct infection and endothelial cells destruction
by SARS-CoV-2 cause a potential release of t-PA
and PAI-1.3!

A study by Kang et al revealed that in advanced
cases of COVID-19 with severe respiratory
dysfunction, the PAI-1 level is significantly higher
than sepsis, acute respiratory distress syndrome
(ARDS), or even burn cases.3? The significant
increase of PAI-I in severe cases of COVID-19,
which are comparable to ARDS, had shown
to induce vascular endothelium destruction.
SARS-CoV-2 had also shown to directly infect
the vascular endothelium, triggering endothelitis
which indicates vascular endothelial destruction
in patients with COVID-19.3! Collectively,
this finding suggests that increased PAI-1 level
promotes endotheliopathy and coagulopathy in
severe cases of COVID-19.32

Intensive care patients with severe conditions
were reported to have significantly increased
level of PAI-1 compared to non-intensive care
patients. Data from a study by Nougier clearly
demonstrated that balance between coagulation
and fibrinolysis diminished in COVID-19 patients
in significant hypercoagulability state related to
hypofibrinolysis caused by high increase of PAI-1
level.33 In a study by Blasi, plasma PAI-1 level

was found 3.7 times higher in COVID-19 patients
compared to control.3*

Von Willebrand Factor

Von Willebrand Factor (vWF) is a major
multidomain adhesive glycoprotein derived
from endothelium, released into circulation
by activated endothelial cells.33-3¢ vWF binds
with platelet glycoprotein Iba, allbfB3 and
endothelial collagen, which activates the platelets
and commences platelet aggregation.3> As a
carrier of blood clotting factor VIII, vWF also
has an important role in clotting cascade.’’
vWF is synthesized by endothelial cells and
megakaryocytes, which is then stored as ultra-
large vVWF multimers or multimers with large
molecular weight within the endothelial Weibel-
Palade bodies or platelet a-granules.

It is well established that pathological
alterations of fibrinogen, D-dimer, vVWF and
P-selectin have important roles in abnormal
coagulation and endothelial dysfunction. Both
infection and inflammation can increase plasma
vWF through activated endothelial cells.#04!
The majority of vWF originate from endothelial
cells. Endothelial cells vWF (EC-vWF), instead
of platelet vWF, critically promotes thrombus
formation. In accordance, EC-vWF contributes
in vWF-dependent atherogenesis by raising
platelet adhesion and vascular inflammation.?®
vWF is also a biomarker that is relatively easy
to measure.*?

In healthy individuals, ACE2 transforms
angiotensin-II into angiotensin 1-7, which
stimulates endothelial cells to produce nitric oxide
(NO). NO aids blood vessels in vasodilation and
suppressing platelet aggregation. In COVID-19,
SARS-CoV-2 occupies ACE2, subsequently
raising Angiotensin-II levels. This further
enhance vasoconstriction and reduce blood flow.
In this process, vVWF stored inside Weibel Palade
bodies, increasing formation of blood clots.**

Activation of EC-vWF i1n relation of COVID-
19 is known as acute phase protein, released from
endothelial cells as inflammatory response.® In
this case, its high level indicates a disturbance of
endothelial function.*¢ Several studies had been
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performed to determine the role of vVWF in COVID-
19. COVID-19 patients have a documented higher
level of vWF, as shown in a study by Blasi.’*
An increased activity of vVWF and vWF antigen
(VWF:Ag) was also found to be significantly raised
in a study by Helms, which revealed a well-defined
endothelial inflammation with a very high level of
vWF:Ag.4” Morici et al., in their study, reported a
significantly higher vWF in all COVID-19 patients,
supporting previous studies.*® Katneni ef al. and
several other previous publications similarly
reported that vVWF level was higher in COVID-19
patients.**-33 In a study by Panigada, the increase
of vVWF was reported up to 863 U/dL, further
supporting evidences of endothelial dysfunction
in COVID-19 patients and its potential use as a
biomarker in COVID-19.34

Fraser, in his study, measured three thrombosis
factors and five markers of endothelial cell injury
from the plasma using ELISA, showing significant
higher levels in intensive care COVID-19 patients
compared to healthy individuals.!® A study by
Rauch has also shown evidences of associations
between coagulation marker level on admission,
amongst which are factor VIII and vWF, with
the severity of COVID-19.5° In other words,
increased levels of vVWF in COVID-19 patients
is a potential biomarker associated with severity
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of the disease. Previous studies have shown the
ability of pulmonary virus to promote platelet-
endothelium interactions through upregulation
of endothelial ICAM-1, vWF, and fibronectins,
culminating ongoing pulmonary injury.>°

State of hypoxia also triggers vWF expression
and its following detachment from endothelial
Weibel-Palade bodies.>”*® VWF upregulation
induced by hypoxia has been associated with
the presence of coronary and pulmonary vessels
thrombus formation, as well as promoting
leukocyte recruitment.>® Accordingly, hypoxemia
state observed in COVID-19 patients induce
prothrombotic condition through upregulation
of t-PA inhibitor and stimulation of procoagulant
endothelial synthesis, including tissue factor and
VW, 57.60-62

VFW is an acute phase response protein
released by activated endothelial cells as a
reaction to inflammatory stimuli. This increase in
activity of vWF and its antigen level contribute
to platelet aggregation. In another study, cases of
COVID-19 can cause up to 490% raise of vVWF
and vWF:Ag level. VWF is a main determinant
of platelet adhesion after vascular injury and
its resulting blood clot. High vWF:Ag level is
an independent risk factor for ischemic stroke
and myocardial infarction.®* Thus, thrombocyte
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Figure 2. Thrombus formation in COVID-19.
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inhibitors can be considered in prevention of
cardiovascular events in COVID-19.9

Potential mechanisms of cardiovascular drugs
in COVID-19 related endothelial function
repair

Various experimental and clinical studies have
shown multiple currently used of investigated
drugs currently can repair endothelial function,
although they may have different structures and
mechanisms. Among those drugs are Angiotensin
Converting Enzymes (ACE) inhibitor (ACEi),
Angiotensin-II Receptor Blocker (ARB), statins
and antioxidants.

ACEi and ARB

Evidences have established the role of ACE
inhibitors in repairing endothelial functions
in animal models with heart failure and in
animal models with coronary artery disease.%6-67
ACE inhibitors elevate endothelial functions
by reducing Angiotensin-II, while regulating
endothelial Nitric Oxide Synthase (eNOS) and
inhibiting production of reactive oxygen species
(ROS), giving the drug its protective properties for
endothelium.%8-70 In the TREND study, quinapril,
compared to placebo, repaired endothelial
dysfunction in normotensive patients with
coronary artery disease.” Administration of ARB
has shown to improve endothelial function and
demonstrate an overall reduction of inflammatory
biomarkers, implying its importance in the
pathogenesis of atherosclerosis.”! A previous
meta-analysis showed that ACEi improves
endothelial function in patients with endothelial
dysfunction of multiple causes.”?

However, despite available studies mentioned,
there has not been any consensus related to
COVID-19 related endothelial dysfunction
and ACEi or ARB as its potential clinical
approach. Several available meta-analysis
regarding effectivity of ACE inhibitor or ARB
administration for endothelial dysfunction in
COVID-19 still have differing conclusions. 7374
Further investigation is necessary, especially
considering that ACE-2 receptor is a binding site
of SARS-CoV-2.

Statins

Beneficial effects of statin in endothelial
function involves multiple mechanisms. Statins
improve endothelial disfunction due to their LDL
lowering properties, considering LDL and OxLDL
capability in reducing eNOS.7>-7¢ Statin improves
NO bioactivity by activating eNOS through PI3K/
Akt signaling pathway.3° The benefits of statin for
endothelial function is also related with its anti-
inflammation and antioxidant properties.’’ Statins
provide direct antioxidant effects to LDL through
reducing LDL electronegative forms.”8.7%

In 1995, randomized control trial stated that
lovastatin can return endothelial function of a
coronary artery.3! Atorvastatin was shown to
reduce pro-inflammatory cytokines (TNF-a, IL-1
and IL-6), ICAM-1 and C-reactive protein (CRP)
in hypercholesterolemic patients.®? One study
showed that simvastatin produces significant
reduction in endothelial dysfunction markers,
inflammation, oxidative stress and endothelial
apoptosis; in this study, CRP reduction seemed
to have been in relation to the lipid lowering
property of simvastatin.®3 A meta-analysis showed
that statin therapy is associated with significant
improvement of both coronary and peripheral
endothelial functions.3* Otherwise, statin elevate
endothelial progenitor cells circulation, which
contribute in the long-term effects of statin in
endothelial function.®> The combination of ACE
inhibitors and statin therapy have also been
demonstrating a relaxation effects in coronary
vessels, which is largely dependent on endothelial
function through NO production.8¢

Several studies reported benefits of statins in
COVID-19. Masana et al. in their study revealed
fewer deaths reported in statin-administered
group compared to the non-statin-administered
group. It has also been stated that statin therapy
should not be halted in hospitalized patients due
to lower death rate of SARS-CoV-2 infection
patients who took statins before hospitalization.?’
An observational study by Omar et al. also
reported that, in diabetic patients with COVID-
19, statin users have a 12% lower chance of death
during hospitalization compared to those who
did not.3® A retrospective cohort in Singapore
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linked independent use of statin with lower
ICU admission rate.®® Evidence by Sophia et al
suggested beneficial use of continuous statin for
hospitalized COVID-19 patients, as it correlates
with lower chance of invasive mechanical
ventilation support.’? However, there has not
been a randomized controlled trial which further
supports the use of statins in COVID-19.

Antioxidant

Several substances such as vitamin C, vitamin E
and N-acetylcysteine provide an antioxidant effect
through different mechanisms. Vitamin C protects
the endothelium by eliminating superoxide,
which in turn prevents NO decomposition,
lipid peroxidation, platelet and neutrophil
activation, as well as upregulation of adhesion
molecules.?®?! Vitamin C scavenges reactive
nitrogen species yielded by peroxidase and inhibits
myeloperoxidase/H,0,.%? Vitamin E acts as lipid
soluble antioxidant, clearing radical hydroperoxyl
in lipid environment.”®> Meanwhile, the effects
of N-acetylcysteine in endothelial dysfunction
are related to inhibitions of NADPH oxidase
expression, leukocyte adhesion and inflammatory
cytokine secretion.”® N-acetylcysteine also
prevents platelet aggregation, which largely
depends on vWF and collagen binding in human
plasma, and inhibits upregulation of Caveolin-1
as well as strengthening endothelial barrier
function in rats.”> Further investigations may
provide useful information regarding antioxidants
in the management of endothelial dysfunction
related to COVID-19.

CONCLUSION

SARS-CoV-2 infection, which has caused
a global pandemic, involved various clinical
manifestations and underlying mechanisms.
This virus invades hosts by occupying ACE-2
receptors in endothelium, which signify the
important role of endothelium in this disease.
Available studies have demonstrated the increase
of several endothelial biomarkers such as
ICAM-1, VCAM-1, E-Selectin, P-Selectin,
PAI-1 and vWF in COVID-19 patients, which
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supports the presence of endothelial dysfunction
in COVID-19, and could further provide helpful
information for the detection of endothelial
dysfunction in COVID-19. These findings may
also explain the higher chance of individuals
with comorbidity to contract COVID-19, with
increased severity. Further studies investigating
NO levels in COVID-19 is necessary to confirm
COVID-19 related endothelial dysfunction.

The use of drugs that has been established to
improve endothelial functions may be useful as a
baseline therapy in COVID-19. It has also become
a point of interest whether a cured COVID-19
patient has an increased risk of cardiovascular
diseases in the future due to their endothelial
impairment. This topic is potential for future
research, and may provide helpful insight in
prevention of cardiovascular system events after
COVID-19.
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ABSTRACT

Laurus nobilis is one of the most well-known, most frequently used plants is from Lauraceae family which contains up
2.500 species that grow in the subtropics and tropics of the Mediterranean region and Indonesia. This study was supposed
to investigate the antimicrobial effect of L.nobilis leaves ethanol extract on Staphylococcus aureus, Salmonellae typhi,
and Escherichia coli. This preliminary study examined the antimicrobial effect of L.nobilis leaves ethanol extract. The
method used Agar-well diffusion for determination of the zone of inhibition and the minimum bactericidal concentration
to investigate the activity of L.nobilis leaves ethanol extract at 100% concentration . The results revealed that extract of
L. nobilis leaves had the antibacterial activity against Staphylococcus aureus with a zone of inhibition (16.3 £1.5 mm),
Staphylococcus aureus with (14.5£0.5 mm), and weak antimicrobial activity against Escherichia coli (11.3+1.1mm).
Also, through the minimum bactericidal concentration experiment, the L.nobilis leaves ethanol extract had activity on
Staphylococcus aureus and Salmonellae typhi, its killed the bacteria in all concentration start it from 5x107 to 5x10%. But
the activity on Escherichia coli just weaken concentration 5x107 and 10. This research has concluded that the L.nobilis
leaves ethanol extract exhibited a significant antimicrobial effect against Staphylococcus aureus and Salmonellae typhi
then Escherichia coli that is considered a kind of multidrug-resistant bacteria.

Keywords: Antibacterial Activity; Laurus nobilis leaves ethanol extract, Staphylococcus aureus; Salmonellae
typhi; Escherichia coli.

ABSTRAK

Laurus nobilis has been known for a long time as a plant that is efficacious for preventing and treating several kinds
of diseases. This study aims to determine the antimicrobial effect of L. nobilis leaves extracted using ethanol against
Staphylococcus aureus, Salmonellae typhi, and Escherichia coli. The research method used agar diffusion to measure
the zone of inhibition against the test bacteria. Gentamicin and DMSO were used as positive and negative controls. The
results showed that Laurus nobilis extract had antibacterial activity against Staphylococcus aureus with an inhibitory
zone (16.3+1.5 mm), Salmonellae typhi with a zone (14.5£0.5 mm), and against Escherichia coli (11.3+1.1mm).

Kata kunci: Antibakteri; Laurus nobili etanol ekstrak; Staphylococcus aureus; Salmonellae Typhi; Escherichia coli.
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INTRODUCTION

In 2018, The WHO Global Antimicrobial
Surveillance System reported that 500,000 people
with suspected bacterial infections across the
globe is attributed to the antibiotic resistance.
Staphylococcus aureus, Salmonellae typhi,
and Escherichia coli are the most common
human pathogens that are consistently causing
different sequelae of infection in both genders
and all ages.! These pathogens have also a
significant number of morbidities and mortalities,
particularly in developing countries. The bacteria
develop a resistance to antimicrobials by different
mechanisms whereby limiting uptake of the drug,
enzymatic inactivation of the drug, modification
of the drug target, and active efflux of the drug.
Depending on the antimicrobial involved, the
bacteria may use one or several of these resistance
mechanisms.?

Pathogenic E. coli is resistant to various
antibiotics and including the strain that extended-
spectrum b-lactamase (ESBL).3 where E. coli
considered the most pathogenic bacteria that
causes of diarrhea in humans and animals.*
Increased resistant of the S. typhi to antimicrobial
drugs was reported and may allow it to cross
the intestinal mucosa to the bloodstream and
infects deep organs such as the bones, joints,
and meninges.’ Methicillin-resistant S. aureus
(MRSA) is a major pathogen associated with
serious community and hospital-acquired disease
where these strains showed resistance to a wide
range of antibiotics, thus limiting the treatment
options to very few agents such as teicoplanin
and vancomycin.%’

Antibiotic resistance is an internationally
recognized health problem. This problem, in recent
years is greatly threatening because of emergence
of Multi-Drug Resistant organisms (MDRO).%?
New antibacterial agents from many sources
including herbal products that are preferred over

traditional medicines due to its wide biological
activity, safety and lower cost. The herbal products
contain groups of effective compounds that can be
investigated for effectiveness as antimicrobials,
antioxidants, antiseptic, and anti-inflammatory.
Herbal products are increasingly used as a dietary
supplement to fight against infection and lower
the risk in population.!%-!1

L. nobilis is one of the most well-known and
most frequently used plants and it is member
lauracease family which contains up 2,500
species that grow in the subtropics and tropics of
the Mediterranean region include Indonesia. Most
species possess aromatic stems, roots, leaves, and
fruits. 1213

As a medicinal plant, its leaves and fruits
have been known since long time ago as a
species that can be used for therapy against
rheumatism, skin rashes, earaches, stomachace,
astringent, carminative, diaphoretic, stimulant,
emetic, emmenagogue and abortifacient.!? In
addition, its Volatile oil is used by the cosmetic
industry in creams, perfumes, and soaps. It
has a lot of chemical properties that are useful
in manufacturing of medicine, for instance, it
represents a basic material in dentistry such as
alkaloids, flavonols, phenolic, flavones (apigenin
and luteolin), glycosylate flavonoids, cysterpine
and soliterpinat to fight against or prevent
common diseases. 415

Several studies described and confirmed that
extracting phytochemicals and active ingredients
of herbal remedies give medicinal benefits more
than the use of the herb itself.! Many studies,
for example Yilmaz et a/ (2017) and Aldhaher
et al (2017) have found that the essential oil of
L.nobilis leaves has strong antibacterial activity
against Gram negative and Gram-positive
bacteria.!”-!8 Ozcan et al. (2016) found that the
green synthesis of zinc oxide nanoparticles using
the aqueous leaf extract of L.nobilis (Ln-ZnO
NPs) were has antibacterial activity of Ln-ZnO
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NPs was greater against Gram-positive (S. aureus)
bacteria than Gram-negative (P. aeruginosa)
bacteria.!® Therefore, the main objective of this
study was to evaluate the antimicrobial activity
of L.nobilis leaves extract against S. aureus, S.
typhi and E. coli.

MATERIAL AND METHODS

Preparation of the L. nobilis leaves ethanol
extract.

Fresh L. nobilis leaves ethanol extract (Daun
Salam) weighing 5 kilograms (kgs) were collected
from a farm in Malang Indonesia in October
2019. Its were washed under running tap water,
air dried and finely grinded with a blender. 500g
of the finely grinded leaves were then soaked in
300mls of 70% ethanol in an airtight container
for 24 hours. The mixture was filtered using filter
paper 11um and the solute was extracted with a
rotary evaporator at 45°C were the final volum
of extract 100ml then stored in -20 °C before
used.20:21.22

Antimicrobial assay by agar-well diffusion
method

This study was an evaluation which was
intended to assess the antimicrobial activity of L.
nobilis leaves ethanol extract to S. aureus, S. typhi
and E. coli. This research was conducted in the
Laboratory a BSL 3 Universitas Airlangga from
November 2019 to December 2019. The used
bacterial strains in this study are S. aureus (ATCC
25423), E. coli (ATCC 25922) and S. typhi (BSL
2 Lab. collection). Strains were overnight grown
onto plates of Muller-Hinton agar (MHA).

Antimicrobial activity was carried out using
the agar well diffusion method according to
Clinical Laboratory Standards Institute guidelines
(CLSI).23:24 Three to five colonies of each
bacterium were dissolved in 2 ml of physiological
saline and the turbidity was adjusted to 0.5 Mac
Farland’s turbidity which is equivalent to 0.5x108
bacteria per ml of solution. a swab use to spread
the bacteria on surface of MHA media and then
applied 100ul of L.nobilis leaves ethanol extract
at concentration 100% on labeled well and 100

ul of Dimethyl Sulfoxide put on another well as
a negative control and Gentamicin (10pug) disc
was used as a positive control. The plate were
incubated at 37°C for 24 h and the antibacterial
activity determined by an inhibition zone (IZ)
that formed around the well. The IZ of L.nobilis
leaves ethanol extract was measure using calipers
and compared with IZ gentamicin.?’

RESULTS AND DISCUSSION

Through our experiments as shown in Fig.
(1) and Table 1 the results of agar well diffusion
assay showed the 1Z of L.nobilis leaves ethanol
extract to S. aureus (16.3 £1.5 mm), followed
by S. typhi (14.5 = 0.5 mm) and E. coli (11.3
+ 1.1 mm). This results were shown that the S.
aureus were most sensitive against L.nobilis
leaves ethanol extract. This finding was in tandem
with the results published by Al-Ogaili (2020)
which highlighted the great inhibition activity
of L.nobilis leaves ethanol extracts to this Gram-
positive bacterium.?? As reported by Otsuka et
al. (2008) the L. nobilis has antimicrobial activity
against methicillin-resistant S. aureus (MRSA)
through purified two compound flavonoids and
kaempferol, that both compounds showed strong
antimicrobial activity.3?

Table 1. Antibacterial activity of L.nobilis leaves
ethanol extracts

Microorganism Diameter of growth of inhibition zones (mm)

L.nobilis leaves Gentamicin
ethanol extract
S. aureus 16.3+1.5 25.6£0.5
S. typhi 145+£0.5 206 +1.1
E. coli 11.3+1.1 19+0.5

*Values, including diameter of the well (6 mm), are means of three
replicates + SD

Figure 1. Antibacterial activity of L.nobilis
leaves ethanol extract against bacteria (A)
Salmonella typhi (B) E. coli (C) S. aureus.

The active compound was seen against S.
aureus, S. typhi and E. coli. One from this Flavonoid
compound has antibacterial properties because it
has the capability to produce transduction energy
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Figure 1. Antibacterial activity of L.nobilis leaves
ethanol extract against bacteria (A)
Salmonella typhi (B) E. coli (C) S. aureus.

that will affect the cytoplasm of the bacteria and
slow down its motility, since it has an ability to
interact directly with the Deoxyribonucleic acid
(DNA) of the bacteria.!* Type of solvent used for
extracting L.nobilis leave has a major impact on
their antibacterial activity. Extraction of L.nobilis
leave with ethanol resulted in a product with
greater overall antibacterial activity. Study of
Algabri that carried out on antibacterial activity
of Libya bay leave extracted with methanol and
n-hexane, it was observed that the n-hexane
extract showed no antibacterial activity but the
methanol extract had good inhibitory activity
against S. aureus."> Also, El Malti and Amarouch
(2009) found that the bay leave extract has a
significant antimicrobial activity against wide
range of human pathogen.?®

Therefore, the result that we found confirmed
that L. nobilis leaves ethanol extract has
antimicrobial activity against microorganism,
it’s that observed the antimicrobial activity during
agar well diffusion and bactericidal activity
experiment. These results concurred with the
result of Aldhaher that found aqueous extract had
good inhibitory activity against Streptococcus
mutants with MBCs range 30-60mg/ml. Also
concurred with study of Yilmaz who found that

antimicrobial activity of the essential oil against
the tested panel of food-spoiling bacteria and
one yeast strain.!%!7 Also, the study of Siriken
who demonstrated that the essential oil of L.
nobilis had strong antibacterial activity against
Gram-negative and Gram-positive food-borne
pathogens.?® Study of Aljindan and Alkharsah,
(2020) show, the resistance of Salmonella species
to antimicrobial drugs increased from 24.6% in
2011 to 37.8% in 2018. The research study by
in 2018 all Salmonella isolates were completely
resistant to Cefalotin, Cefuroxime, and Cefoxitin,
while they found some susceptibility to other
Cephalosporins and Ciprofloxacin.!” While study
of Patil and Mule they found S. typhi sensitive
to Cefixime, Ceftriaxone, and Azithromycin
and based on average Minimal Inhibitory
Concentration and MIC breakpoints.>® Through
the experiment conducted on Rats by Qnais et al
(2012) which found L. nobilis aqueous extract
has antidiarrheal agent.>!

Study of Nafis et al. exhibited notable potency
regarding antimicrobial activity of (EOs) from
L. nobilis leaves had the highest activity against
E. coli, with MIC: 22.2 mg/mL and 1Z 9.00 mm.
while it had activity against S. aureus with 17 10.0
mm and moderate MIC: 5.55 mg/mL.3?

CONCLUSIONS

The result of this study demonstrated an
antibacterial effects of L. nobilis leaves ethanol
extract was proved a strong antibacterial activity
against bacterial infections as they exhibited an
antimicrobial effect against S. aureus, S. typhi
and weak effect in E. coli, so that is considered a
kind of drug development substance for multidrug
resistant bacteria.
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ABSTRACT

Mucormycosis is one type of fungal disease, associated with a poor prognosis if not promptly diagnosed and managed
because its highly aggressive tendency. Although it is a rare disease, a rapid increase in cases of mucormycosis
associated with COVID-19 is being reported. Mostly, risk factors for this disease are uncontrolled diabetes mellitus, other
immunosuppressive conditions and corticosteroid therapy. Immune dysfunction, lung pathology and corticosteroid therapy
in COVID-19 patients making it more susceptible to develop fungal infection including mucormycosis. The combination of
steroid therapy and underlying diabetes mellitus in COVID-19 also can augment immunosuppression and hyperglycemia.
Control of hyperglycemia, early treatment with liposomal amphotericin B, and surgery are three important factors in
mucormycosis therapy that essential for successful management. However, in this COVID-19 pandemic situation, that
management strategies are compromised. First, hyperglicemia can be aggravated by glucocorticoid, therapy that used
widely for COVID-19 especially in severe case. Second, patients with ARDS and multiorgan dysfunction can prevent
timely diagnostic for imaging and other testing, so appropriate therapy that should be given will be delayed. Last, the
essential service in hospital such surgery in this pandemic era reduced significantly to prevent the spread of COVID-19.
This review was created with the aim mucormycosis co-infection can be considered in patients with COVID-19, especially
with known risk factor. Prompt and rapid diagnosis are important for effective therapy and decreasing case fatality rate.
The use of steroid in mild cases, utilization of higher doses of steroid and drugs that targeting immune pathway should
be avoided.

Keywords: Mucormycosis; Black Fungus, Coronavirus; COVID-19

ABSTRAK

Mucormycosis merupakan salah satu penyakit infeksi jamur dengan tingkat penularan yang tinggi. Jika tidak segera
didiagnosis dan diterapi, maka berhubungan dengan prognosis yang buruk. Walaupun penyakit ini jarang ditemukan, tetapi
data penelitian terbaru melaporkan peningkatan signifikan kejadian mucormycosis pada pasien COVID-19. Umumnya,
penyakit diabetes melitus yang tidak terkontrol, kondisi imunosupresif lain dan terapi kortikosteroid merupakan faktor risiko
terjadinya mucormycosis. Disfungsi sistem imun, kelainan patologis paru dan terapi kortikosteroid pada pasien COVID-19
membuat pasien lebih berisiko untuk mengalami infeksi sekunder termasuk mucormycosis. Kombinasi terapi steroid dan
adanya komorbid diabetes melitus pada COVID-19 juga lebih meningkatkan kondisi imunosupresi dan hiperglikemia.
Kontrol hiperglikemia, pengobatan awal dengan liposomal amfoterisin B, dan pembedahan adalah tiga aspek penting
dalam terapi mucormycosis yang merupakan faktor penentu keberhasilan penatalaksanaannya. Walaupun demikian, dalam
situasi pandemi COVID-19 ini, strategi penatalaksanaan tersebut sulit tercapai. Pertama, kondisi hiperglikemia dapat
diperburuk dengan glukokortikoid, yang merupakan terapi yang digunakan secara luas untuk COVID-19 terutama pada
kasus berat. Kedua, pasien dengan ARDS dan disfungsi multiorgan dapat membuat uji diagnosis seperti pencitraan dan
tes lainnya menjadi terlambat dilakukan sehingga diagnosis
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ini pelayanan di rumah sakit yang memerlukan tindakan, termasuk operasi berkurang secara signifikan untuk mencegah
penyebaran COVID-19 lebih luas. Tujuan penulisan artikel ini adalah agar koinfeksi mucormycosis dapat dipertimbangkan
pada pasien dengan COVID-19, terutama dengan faktor risiko yang berkaitan. Diagnosis yang cepat dan tepat penting
untuk terapi yang efektif dan dapat menurunkan angka kematian. Penggunaan steroid pada kasus ringan, penggunaan
steroid dosis tinggi dan obat-obatan yang menargetkan jalur imunologi harus dihindari.

Kata kunci: Mucormycosis, Jamur Hitam; Coronavirus; COVID-19

How to Cite: Jessica N., Friska W., Alius C., Marcella A. The ‘black fungus’ Co-Infection in COVID-19 Patients : A
Review. Indonesian Journal of Tropical and Infectious Disease, 9(2), 125-135.

INTRODUCTION

Bacterial and fungal secondary infections are
particularly vulnerable to occur in patients with
severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2).! While several treatment options
have been evaluated, none except systemic
glucocorticoids have been shown to improve
survival in coronavirus disease of 2019 (COVID-
19). Steroids therapy like a double-edged sword
that is recommended and frequently given for
the treatment of COVID-19 but making patients
more vulnerable to secondary bacterial and
invasive fungal infections.?? Mucormycosis, the
“Black Fungus”, is increasing among COVID-
19 patients, as uncontrolled diabetes mellitus
(DM) and the use of steroids during COVID-19
treatment are risk factors for mucormycosis.*
Mucormycosis is a rare disease, but the unique
pandemic conditions make it easier for fungi to
infect COVID-19 patients which can lead to high
morbidity and mortality. Mucormycosis mortality
rate is around 54%, but rates varies for each
individual depends on underlying conditions,
body site affected, and type of fungus.® The
diagnosis of mucormycosis could be done by
histopathological or culture examinations; which
takes a long time about 10 days after symptoms/
signs presentation while the disease tends to
spread rapidly throughout the body.” Globally,
COVID-19 associated mucormycosis highest
cases that estimated more than 4000 people
infected has been reported in India.® Recently, due
to increasing number of COVID-19 cases, we have
seen a rapid increase in cases of mucormycosis
that attacks a person’s sinuses, lungs, and brain.

In this review, we would like to summarize recent
data concerning mucormycosis co-infection in
COVID-19 patients, epidemiology, pathogenesis
and treatments. Mucormycosis disease progression
is rapid and have angioinvasive nature, so a
prompt diagnosis and treatment should be started
as soon as possible to reduce the mortality.

MUCORMYCOSIS

Mucormycosis, formerly known as
zygomycosis is a fungal disease caused by a
group of molds called mucormycetes. These
diseases are most often caused by a fungus
that is found in soil and decaying vegetation,
usually inhaled by humans from the air. There are
various ways a person can contract mucormycosis
such as by spores inhalation, food containing
spores consumption, and spores-contaminated
wound.” ! This infection is mostly attacking
immunocompromised individuals or taking
medicines that weakened their immune
system. The most common fungal species that
result in mucormycosis are the Rhizopus species
and Mucor species.®

DISCUSSION

Epidemiology

Globally, mucormycosis prevalence around
10,000 cases in the world except India and
after merging with India to become 910,000
cases globally. Mucormycosis found in tropical
and subtropical climates, such as Indonesia.
Indonesia is a tropical country, warm and
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humid, with numerous environmental fungi.
Unfortunately, the prevalence in some developing
countries, including Indonesia, are still unclear
because the cases remain undiagnosed due
to difficulty in collecting tissue samples and
limited facilities of mycology laboratories.!? The
etiologic agents mostly are Rhizopus spp., Mucor
spp., and Lichtheimia (formerly Ab- sidia and
Mycocladus) spp. Genera of other mucorales such
as Rhizomucor, Saksenaea, Cunninghamella, and
Apophysomyces are less common.!3

Clinical Manifestation of Mucormycosis

Mucormycosis have six major clinical form
based on clinical manifestation and anatomic
position of the invasion including rhinocerebral,
pulmonary, cutaneous, gastrointestinal,
disseminated and unusual form such as
endocarditis, osteomyelitis, peritonitis and
renal infection. '* The initial symptoms of
mucormycosis are non-specific.

The most common form is rhinocerebral
mucormycosis. Presentation usually begins
with pain and numbness in the eyes and face,
followed by conjunctival suffusion and blurred
vision. Fever does not occur in almost 50% of
cases. Mostly, leukocytosis may occur. If it is not
properly dealt, it could spread to the ethmoid sinus
into the orbit caused damage to the function of
extraocular muscle and proptosis with chemosis.
In initial phase of the infected area appears
normal and the concomitant progression of the
disease becomes erythema with or without edema,
then appears purplish and lastly formed eschar
blackish necrotic tissue (Figure 1). Infection may
also extend to the mouth and cause the formation
of a necrotic ulcer on the palate. This finding
indicates that the disease has spread.!>

Pulmonary mucormycosis patients usually
present with high-grade fever (>38°C) and non-
productive cough. Less common symptoms
such as pleuritic chest pain and dyspnea. In rare
circumstances, can present in endobronchial
tree and causing airway obstruction. Cutaneous
mucormycosis can classified as localized if affect
skin and subcutaneous tissue, or deep extension
if invades deeper to muscle, tendon or bone.

Typical presentation is necrotic eschar with
erythema and induration in surrounding skin.
Gatrointestinal mucormycosis is less common
type and hard to diagnose in living patients. Most
affected organ is stomach followed by colon and
ileum. The presentation usually nonspecific such
as neutropenic fever and hematochezia. If severe,
this disease can invade blood vessels in bowel and
resulting in perforation, peritonitis, hemorrhage
and sepsis. Disseminated mucormycosis occur
when spreading hematogenously to other organs.
Commonly, site of spread is brain, but also can
found in liver, spleen, heart and other organ. The
presentation may vary according to location and
degree of tissue invasion in that affected organ.!4

Fig. 1. Clinical presentations of rhinocerebral
mucormycosis. (a) Extraoral examination

reveals swelling in the left side of the

face just below the eye; (b) Intraoral
examination reveals necrotic bone with
pus discharge in relation to left maxilla

(white arrow).!©
*obtain permission from the original publisher*
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Diagnosis

The diagnostic pathway was designed by the
European Confederation of Medical Mycology and
the Mycoses Study Group Education and Research
Consortium (ECMM/MSGERC) consensus. The
ability in diagnosing mucormycosis basicly
depends on the well-trained staffs, techniques and
imaging types, and mycological and histological
investigations. A prompt referral to the highest
care level was recommended for patients with
suspected mucormycosis. '3

Diagnostic for mucormycosis such as
radiologic features is nonspecific and have wide
range of types. The most common features that
can be identified for pulmonary mucormycosis
are presence of nodules, consolidations, reverse
halo sign, large perilesional halo (Figure 2) and
cavitation. Reverse halo sign characterized by
peripheral consolidation with central ground
glass and large perilesional halo characterized
by ground-glass halo around lesion that very
extensive and bigger than the lesion itself. !7-18

In rhinocerebral mucormycosis, sinus
involvement usually occurs and must be identified
in radiologic findings. The most common

Imaging

a. b.

paranasal sinus involved are maxillary, ethmoid
and sphenoid. Mucosal thickening and bone
erosion in imaging also the common features.
Signal characteristics and contrast enhancement
can be seen in CT scan, Most common form is
mild enhancement. Less common, non-enhancing
and heterogenous pattern can also be found.
If the imaging present with non-enhancing
opacification of sinuses, presence of retro antral,
facial and orbital fat stranding and hypodense soft
tissue extension indicated aggressive infection.
(Figure 3). Lastly, imaging must identify extra
sinus extension such as orbit and face. !

Histopathological examination for
mucormycosis is important but not always reliable
to differentiate with Aspergillus. Mucorales have
primitive coenocytic hyphae which are fragile
because of lack of regular hyphae-septations.
They make aggressive tissue grinding can render
fragile fungal elements become non-viable. The
important differentiation between Mucolares and
Aspergillus is on their hypha type. Mucorales
hypha have wide diameter and non-septate while
Aspergillus hypha is narrower and have many
sepatation. 2021

C.

Fig. 2 (a) Frontal radiograph of the right lung shows a faint area of ground-glass opacity (dotted circle); (b)
Coronal CT image obtained an area of nodular ground-glass opacity; (c) Coronal CT image shows
enlargement of the lesion with development of the reverse halo sign.22
*obtain permission from the author*
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Fig. 3 (a) Coronal view of CT showing involvement of left maxillary sinus, nasal conchae, and ethmoidal
sinus extending up to frontal sinus; (b) Axial view of CT showing destruction of posterior, medial,
and anterior walls of left maxillary sinus.16
*obtain permission from the original publisher*

Histopathology in Mucormycosis

/7:*"}" ;}, R |

14 #’

Fig. 4. Structure of Mucor. (a) Mucorales are irregular hyphae with wide width (6 to 25-micron diameter)
are non-septate or sparsely septate, ribbon-like; (b) High-power photomicrograph shows a spherical
structure called the sporangium. (Lactophenol cotton blue stain).?%>3
*obtain permission from the original publisher*

Culture and Microscopy Treatment

Culture is highly recommended for A multimodal approach is needed in the

identification of fungal genus and species.” It
should be noted that culture does not always
work for several reasons, including improper
sampling and incorrect sample treatment before
the examination. In fact, only 15-25% of cases
are positive.?*

management of mucormycosis, such as
discontinuation of risk factors, early administration
of antifungal therapy with optimal doses, and
surgical intervention. Treatment should be started
immediately if the diagnosis is suspected because
the disease tends to spread rapidly throughout the
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body, although the exact diagnosis has not been
confirmed.!3

Prophylaxis
Posaconazole delayed-release tablets are

recommended for neutropenic patients or
those with graft versus host disease.”

First-line antifungal monotherapy

Daily doses of liposomal amphotericin B ranged
5-10 mg/kg for any patients and <5 mg/kg if renal
toxicity develops. In Central Nervous System
(CNS) involvement, use of amphotericin B lipid
complex 5 mg/kg per day. Treatment duration
given usually weeks to months, depending on
each patients condition . If the immune defect
is resolved, such as well-controlled diabetes and
resolved neutropenia, immunosuppressant can be
tapered or stopped, therapy can be continued until
resolution of signs and symptoms of infection,
and substantial radiographical improvement.’
At the fourth week, the overall response rate
was 36%, while in the twelfth week, the overall
response was 45%.!3

First-line antifungal combination
monotherapy

There are no definitive data to guide the use
of antifungal combination therapy.’

Antifungal salvage treatment

Daily Isavuconazole 200mg (after six doses of
200 mg q8h) and Posaconazole delayed-release
tablets at a dose of 200 mg q6h or infusions are
strongly supported as salvage treatment.”>!3

Surgery

Aggressive surgery is often required not only
on necrotic tissue but also on surrounding tissue
that appears healthy because the Mucorales grow
so rapidly.’

THE LINK BETWEEN MUCORMYCOSIS
CO-INFECTION COVID-19

As previously stated that mucormycosis is
mainly attacking immunocompromised patients,

although possibly found in immunocompetent
individuals.?>-2¢ Generally, mucormycosis
does not pose a serious threat to healthy
individuals because immune system mainly
polumorphonuclear cells can destroy the spores
and hyphae.26-22 When patients are exposed to
SARS-CoV-2, the virus will target the immune
system. The relationship between COVID-19
and mucormycosis is the state of weakened
of patients’ immune responses, with reduced
numbers of T lymphocytes, CD4+, and CD8+
T cells and medical treatment with a steroid to
reduce inflammation.?®

One of the major risk factors that increasing
morbidities and mortalities in COVID-19
associated with mucormycosis, is diabetes
mellitus.3%-32 In patients with diabetes, Rhizopus
is the most commonly found fungus. The reason
which allows them to survive in high acid and
glucose are an enzyme properties and ketone
reductase.’? Treatment pathway for patient with
COVID-19 with mucormycosis co-infection
including both diseases therapy. Therapy requires
surgical debridement, antifungal treatment and
stabilization of risk factor. 8

Diabetic ketoacidosis (DKA) often occurs in
severe infections, such as in COVID-19. Therefore,
it is not surprising that patients with COVID-19
are more likely to develop mucormycosis because
acidic conditions make mucorales species easier
to grow.3* Research suggests SARS-CoV-2
induces damage of pancreatic islets resulting in
acute diabetes and DKA .33 Another explanation
for why the diabetogenic state occurs in patients
with severe COVID-19 is due to cytokine
storms that increase insulin resistance and high
expression of angiotensin-converting enzyme 2
receptors in pancreatic islets. Increased serum
ferritin levels in severe COVID-19 also one of the
possible roles of blood acidosis for mucormycosis
susceptibility.34-36-38

It has been proven that by administration
of systemic corticosteroids could cut down
death rates in COVID-19 patients on invasive
mechanical ventilation.3%*0 According to the
European Organization for Research and
Treatment of Cancer and the Mycoses Study
Group Education and Research Consortium
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Spores are inhaled by
immunocompromised patients
then deposited in the lungs

Sporangiospores reach distal alueolar\

space and and bind to integrin 31 via
fungal CotH7, thereby triggering
activation of EGFR and subsequent
invasion and pulmonary infection

Macrophages and PMN block

A / replication by phagocytosize

sporangiospores

z

Spores are inhalated by patients with
DKA then deposited in nasal turbinates
due to the overexpression of GRP78 on

nasal epithelial cells, and the
interaction with fungal CotH3 results
in rhinoorbital/cerebral mucormycosis

neutropenia

Inhibited by glucocorticoids and
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Neutrophils attack hyphal forms,
acquisition of free iron supports
hypal proliferation

Angioinvasive growth in tissue
with hemorrhage, thrombosis
and necrosis

Impaired by glucocorticoids,
neutrapenia, hyperglycemia and
iron overload

Fig. 5 Pathogenesis of Mucormycosis 4443

(EORTC/MSGERC) consensus, long term
corticosteroids at a therapeutic dose of > 0.3 mg/
kg for at most three weeks in the past 60 days
is considered a risk factor for invasive fungal
diseases.*14> The use of corticosteroids can also
increase blood glucose levels to hyperglycemia
even though the individual is healthy, causing the
condition called corticosteroid-induced diabetes.
This corticosteroid and the diabetogenic
state later can cause immunosuppression
and hyperglycemia, increasing the growth of
fungal infections, including mucormycosis
(figure 5).354

Iron acquisition is a critical step that occurs
in severe COVID-19. Members of the class
Zygomycetes are the only fungus identified that
stores iron in ferritins. The problem is tissue
damage can occur in high ferritin levels. High
ferritin levels lead to excess intracellular iron
that generates reactive oxygen species. Ferritin
synthesis and downregulate iron export can also
occur due to severe infection and DKA.46-30

The resultant tissue damage leads to the release
of free iron into the circulation, which further
exacerbates the mucormycosis process.>!

“Endothelialitis” in patients with severe
COVID-19 is also one of the associations between
COVID-19 and mucormycosis. 32->3 Important
initial steps of mucormycosis are endothelial
adhesion and penetration.” In addition, acidemic
states, and hyperglycemia induce the endothelial
receptor glucose-regulated protein (GRP 78)
and the mucorales adhesin spore coat protein
homologs (CotH), creating a “perfect storm” for
increased adhesion and penetration of mucorales
to the endothelium.>*

Based on the available literature regarding
mucormycosis co-infection COVID-19, there
were six studies reporting 28 patients that have
reported rhino-orbito-cerebral mucormycosis. It
is important to remember that mucormycosis can
occur at any time after a COVID-19 infection,
either during the hospital stay, or a few days to
weeks after discharge. Therefore, all physicians
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could be more aware of these side effects of
the kinds of treatment patients are given and
how could patients be more aware of what they
could face because of the medicine that they are
taking, especially if having underlying conditions.
They should knowledgeable about the red flag
symptoms of invasive mucormycosis.!1-29->5-58

Alekseyev, et al presented a 41-year-old
man with a history of type 1 diabetes mellitus
(T1DM), COVID-19 pneumonia and rhinocerebral
mucormycosis. He was treated with steroids and
hydroxychloroquine before, as the recommended
regional COVID-19 practice guideline at the time.
For his diabetic ketoacidosis (DKA) treated with
intravenous fluids and an intravenous insulin,
cefepime and amphotericin B IV, along with
three surgical debridements for the rhinocerebral
mucormycosis. The patient successfully discharged
and continued the treatment at home. >

Another study by Kanwar et al, they presented
56-year-old man with COVID-19 and underlying
end-stage renal disease. This patients also
developed mucormycosis as a complication of
COVID-19. He received a five-day therapy of
methylprednisone, one dose of tocilizumab,
and one unit of convalescent plasma. At first
hospital admission, blood cultures collected were
negative for bacterial and fungal organisms. He
was discharged home seven days later but five
days later he was readmitted because shortness
of breath. Polymerase chain reaction (PCR)
examination for COVID-19 was positive again
and chest radiograph showed increasing density
and pleural effusion. He was started on empiric
intravenous (IV) vancomycin and piperacillin-
tazobactam. Sputum sample was collected
and showed filamentous fungal elements on
fungal stain that was suspected from Mucorales
group because non-septate hyphae. Empiric
amphotericin B was started and antibacterial
medications were discontinued, unfortunately
the patient developed cardiac arrest and died the
following day. 0

Maini et al, reported a 38-year-old man with
COVID-19 confirmed, no history of diabetes or

other condition. He was monitored in ICU and
started on remdesivir [V, methylprednisolone IV
and dexamethasone. After 12 days of treatment,
the glycated hemoglobin (HbA1C) level was
12.3%. Eighteen days later, the patient complaint
of swelling and pain in his left eye, then underwent
MRI scan and histopathologic examination from
sinus sample. Patient was then diagnosed as sino-
orbital mucormycosis. Medical treatment was
changed into amphotericin B and patient was
going into surgical debridement. After a total of
38 days of hospitalization, he was discharged and
continued treatment at home. ¢!

CONCLUSION

In COVID-19, due to immune system
dysregulation, diabetogenic state, endothelialitis,
and the widespread use of steroids as therapy
against COVID-19 may lead to the development/
exacerbation of pre-existing fungal diseases.
Physicians should be aware of the development/
exacerbation of pre-existing fungal infection
among COVID-19 patients, especially if rhino-
orbital-cerebral presentations are noted. A
multidisciplinary approach should include the
recognition of host factors, assessment of clinical
manifestations, use of appropriate imaging
modalities, histology and microbiology with any
appropriate surgical consultation and treatment.
The use of steroids should be monitored to achieve
a therapeutic effect at the lowest dose and shortest
durations to lower the risk of development/
exacerbation of pre-existing fungal infection.
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This journal is a peer-reviewed journal established to promote the recognition of emerging and
reemerging diseases specifically in Indonesia, South East Asia, other tropical countries and around
the world, and to improve the understanding of factors involved in disease emergence, prevention,
and elimination.

The journal is intended for scientists, clinicians, and professionals in infectious diseases and related
sciences. We welcome contributions from infectious disease specialists in academia, industry, clinical
practice, public health, and pharmacy, as well as from specialists in economics, social sciences, and
other disciplines. For information on manuscript categories and suitability of proposed articles see
below and visit https://e-journal.unair.ac.id/IJTID/index

Before you submit your manuscript, go back and review your title, keywords and abstract. These
elements are key to ensuring that readers will be able to find your article online through online search
engines such as Google. Submitted article must be appropriate with IJTID Author Guidelines. Please
kindly check our Template. An author must upload a Copyright Transfer Agreement at supplementary
file when submitting articles.

The process of Submission Indonesian Journal of Tropical and Infectious Disease is a fully electronic
journal. All manuscripts MUST be submitted to the following Online Submission. DO NOT email
the manuscript to the journal or editors. This journal is open access journal that is freely available to
both subscribers and the wider public with permitted reuse.

SUBMISSION

To submit a manuscript, please go to https://e-journal.unair.ac.id/IJTID/user/register If you do not have
an [JTID author account on the Editorial Manager, create an account and log in with your username
and password. Before uploading your manuscript to the Editorial Manager, ensure you have all the
documents described in the manuscript preparation section.

All submitted manuscripts undergo rigorous editorial checks before they are sent for peer review. The
manuscripts are checked for plagiarism and format. Manuscripts that do not pass the initial checks
will be unsubmitted without peer review.

Download Conflict of Interest Form and Copyright Transfer Agreement, which can be obtained from
Instructions & Forms tab. Completed forms should be submitted along with manuscripts during the
submission period.

The manuscript will not be accepted if they are not formatted according to journal style and follow
the instruction to authors.

All materials submitted for publication should be submitted exclusively to the IJTID unless stated
otherwise.



REVIEW PROCESS

Peer Review

All manuscripts submitted undergo a double-blinded peer review process and are managed online.
Authors are allowed to suggest up to 3 individuals who are qualified in the field to review the article.
However, the reviewers must not be affiliated with the same institution(s), or have any potential conflict
of interests in reviewing the manuscript. The editor’s decision to accept or reject these reviewers is final.
Decisions on manuscripts are made in accordance with the ‘Uniform Requirements for Manuscripts
Submitted to IJTID (https://e-journal.unair.ac.id/IJTID/).

Revision

Articles sent for revision to the authors does not guarantee that the paper will be accepted. Authors are
given approxiately 2 weeks to return their revised manuscript. Note that if the revision is not received
within 3 months, the Editorial Office will decide to reject.

PUBLICATION PROCESS

The final decision to publish or not to publish the articles lies with the Editor in Chief. The Editor
retains the right to determine the style, and if necessary, edit and shorten any material accepted for
publication.

When the galley proof is ready, the Editorial Office will send the proof to authors to check for its
completeness. Confirmation or comments from the authors must be given within 48 hours of receipt of
the proof, in order to avoid delays in publication of the manuscript. Significant alterations to the text
will not be entertained at this stage, and the authors are responsible for all statements made in their
work, including changes made by the Editorial team and authorised by the corresponding author.

Manuscripts without the approval of the galley proof by the authors and a completed Copyright Form
will not be published. Once the author gives approval for publication, the Editorial Office will not be
held responsible for any mistakes thereafter. No complimentary hard copy of the journal to authors
is given. However, the soft copy of the article can be obtained from the journal’s webpage https://e-
journal.unair.ac.id/[JTID/

STATEMENTS, PERMISSIONS AND SIGNATURES

Authors and contributors

Designated authors should meet all four criteria for authorship in the IJTID Recommendations.
Journal articles will not be published unless signatures of all authors are received. Author statement
form should be uploaded. Written consent of any cited individual(s) noted in acknowledgements or
personal communications should be included.

Conflict of Interests

All submissions to II'TID must include disclosure of all relationships that could be viewed as presenting
a potential or actual conflict of interest. All authors must declare the interest and complete the
declaration form. Completed declaration form should be uploaded, and the information about conflict
of interest must bestated in the article body text.

Authors must state all possible conflict of interest in the manuscript, including financial, consultant,
institutional and other relationships that might lead to bias or a conflict of interest. If there is no
conflict of interest, this should also be explicitly stated as none declared. All sources of funding should



be acknowledged in the manuscript. All relevant conflict of interest and sources of funding should
be included on the title page of the manuscript with the heading “Conflict of interest and Source of
Funding:”

A conflict of interest appear when professional judgement concerning a primary interest (such as
patients’ welfare or validity of research) may be influenced by a secondary interest (such as financial
gain). Financial relationships can also occur because of personal relationships or rivalries, academic
competition, or intellectual beliefs. Failure to disclose conflicts might lead to the publication of a
statement in our Department of Error or even to retraction.

The Editor may use such information as a basis for editorial decisions and will publish such disclosures
if they are believed to be important to readers in judging the manuscript.

Agreements between authors and study sponsors that interfere with authors’ access to all of a study’s
data, or that interfere with their ability to analyse and interpret the data and to prepare and publish
manuscripts independently, may represent conflict of interest, and should be avoided.

Permissions to reproduce previously published material

Authors should include with their submission, copies of written permission to reproduce material
published elsewhere (such as illustrations) from the copyright holder. Authors are responsible for
paying any fees to reproduce the material.

MANUSCRIPT PREPARATION

Language

All articles submitted must be written in English language. The Editorial Office does not offer
proofreading services; therefore, it is the author's responsibility to ensure that the English language is
thoroughly revised before submitting the work for publication. It is the responsibility of the authors

to send their articles for grammar and editing services. Editorial Office reserves the right to reject a
manuscript if the language is poor.

Organisation

The following documents are required for each submission, in this order:
* Cover Letter

* Proofreading Manuscript

» Copyright Transfer Agreement (signed by all the authors)

+ Conflict of Interest Disclosure

* Publication Status Disclosure Form

Covering Letter

The covering letter should be uploaded at the stage of the online submission process. Explain in the
covering letter, why your paper should be published in IJTID

Title Page

The title page should be an individual document, uploaded separately, that provides:
» Title of manuscript
e Full name of all authors;
* Details of the corresponding author
o Designation and Name of the corresponding author
o Contact details: email, telephone and fax number



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

Note: Persons designated as authors should have participated sufficiently in the work to justify
authorship. Kindly refer to the section on authorship in the Uniform Requirements for Manuscripts.

Submitted to IJTID Journals, available at https://e-journal.unair.ac.id/IJTID/ The Editor may require
authors to justify the assignment of authorship

Manuscript

Abstract and Keywords

* A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results, and major conclusions. The abstract should not exceed 250 words. It
should include objectives and rationale of the study, the method used, main findings and significance
of findings. It should be accompanied by up to 5 Keywords. The abstract should be available in
English and Bahasa.

» Abstracts for should follow the structured format; with the heading of Introduction, Methods,
Results and Conclusion.

Keywords

» Below the abstract, provide a maximum of 5 keywords that will assist in the cross-indexing of the
article.

* Check and confirm that the keywords are the most relevant terms found in the title or the Abstract,
should be listed in the medical subject headings (MeSH) list of Index Medicus found in

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

» Please make the page settings of your word processor to A4 format, with the margins
* Moderate Style:
Top and Bottom : 17, Left and Right : 0.75”

* The manuscript should be in one columns with line spacing 1.15 lines; using Times New Roman
font with font size 12; line number

» Restart Each Page style; insert page number in Bottom of Page. For Title, using Arial 14.

» The section headings are on boldface capital letters (UPPERCASE style). Second level headings
are typed in boldface capital and lowercase letters (Capital Each Word style) except conjunction.
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



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. ¢? = a? + 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 II, Table III) 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).

Minimum 20 references for research report/ original article and 50 references for review article.
References wrote on Vancouver (superscript) Style.

In the 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 efforts to replace mouse inoculation testing with in
vitro tests, such as enzyme linked Immunosorbent assays 57,60 or polymerase chain reaction 20-23
but 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

For a book, 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)

For online 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.



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. Fauci AS, 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.ncbi.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



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.

Acknowledgements
State contributions that need to be acknowledged, but do not justify authorship.

Acknowledgeable contributions include (not in exhaustive order) general support by a Department
Head or Chairman, technical help, and financial and/or material support (including grants). Mention
conflict of interest, if any.

ARTICLE CATEGORIES

The format for the text varies depending on the type of article. The list of article types and their
respective formats are as follows: Original Article, Short Communication, Review Article, Case
Report, Commentary and Letters to Editors.

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:

Title of the manuscript

Abstract (Structured & 250 words) and Keywords

Introduction

Materials and Methods

Results

Discussion

Conclusions

Acknowledgements

Conflict of Interest

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 OO0 O O O O O©

Review Article

It is 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:

Title of the manuscript

Abstract (Unstructured & 250 words) and Keywords

Introduction

Relevant section headings of the author’s choice

Summary

References (minimum 50 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 ©



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:

Title of the manuscript

Abstract (Unstructured & 250 words) and Keywords

Introduction

Case Report

Discussion

Conclusions

Acknowledgements

Conflict of Interest

References (Minimum 15 references)

©C O O O O 0 O O O

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
itis 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 IJTID 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 COPE’s 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
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