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ABSTRACT

Candida albicans is a commensal organism that can may become invasive and fatal under certain circumstances. Several genetic variations in 
the human genome towards susceptibility to Candida infections have been identified. There are a number of genes associated with Candida 
virulence factors, host environment, and immune response. C-type lectin receptors (CLRs) are characterized by leucine-rich and nucleotide-
binding domains that can detect intracellular signals through various types of cytoplasmic domains. CLRs are family of PRRs that bind glycan 
through recognition of extracellular carbohydrate and mediate intracellular signaling through various type of cellular domains, resulting in a 
decrease of neutrophils and facilitating the occurrence of fungal infections. This study review the genetic determinant of defense mechanisms 
and immune deficiencies against Candida infection.
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ABSTRAK

Candida albicans adalah organisme komensal yang dapat menjadi invasif dan fatal dalam keadaan tertentu. Ada beberapa variasi genetik dalam 
genom manusia yang telah diidentifikasi memiliki kerentanan terhadap infeksi Candida. Terdapat sejumlah gen yang berhubungan dengan faktor 
virulensi Candida, lingkungan inang, dan respons imun tubuh. C-type lectin receptors (CLR) ditandai dengan domain pengikat nukleotida dan 
kaya leusin yang dapat mendeteksi sinyal intraseluler melalui berbagai jenis domain sitoplasma. CLR adalah keluarga PRR yang mengikat glikan 
melalui pengenalan karbohidrat ekstraseluler dan memediasi sinyal intraseluler melalui berbagai jenis domain seluler, yang mengakibatkan 
penurunan neutrofil dan memfasilitasi terjadinya infeksi jamur. Studi ini meninjau faktor penentu genetik mekanisme pertahanan dan defisiensi 
imun terhadap infeksi Candida. Adelia Wuri Pramudita, Harijono Kariosentono, Annisa Marsha Evanti, Zilpa Widyastuti. Mekanisme 
Pertahanan Mukokutan terhadap Infeksi Candida.

Kata Kunci: Imunitas adaptif, Candida, mekanisme pertahanan, imunitas bawaan, mukosa.

INTRODUCTION
Candida is a commensal organism in the skin 
and mucous membranes. Candida can become 
invasive and fatal under certain circumstances 
in case of neutropenia, pancreatitis, renal 
insufficiency, human immunodeficiency virus 
(HIV) infection, systemic glucocorticosteroid, 
or antibiotic treatment, patients with invasive 
medical devices, total parenteral nutrition, and 
major abdominal surgery.1

The prevalence of Candida infection differs by 
age group. In adult patients aged 18 years or 
older, Candida albicans (C. albicans) is the most 
common cause, while in neonates, C. albicans 
and C. parapsilosis are the most common 
species. Both species can cause candidemia 
associated with catheter use in neonates.2 

Candida sp. is most commonly isolated from 
the oral cavity, vulvovaginal area, urinary tract, 
and gastrointestinal tract in approximately 
31%–55% of healthy individuals, with C. 
albicans accounting for 70%–80% of clinical 
isolates.3

The frequency of Candida infection 
increases in HIV-positive patients, diabetes, 
and immunosuppressive conditions, as 
well as patients with occlusive conditions, 
moisture, skin barrier dysfunction, hormonal 
imbalance, and irrational use of antibiotics. 
Diseases caused by Candida mucocutaneous 
infection include vulvovaginal candidiasis, 
oropharyngeal candidiasis in the form of acute 
pseudomembranous candidiasis, chronic 
atrophic stomatitis, angular cheilitis (perleche), 

chronic hyperplastic candidiasis, and midline 
glossitis (acute atrophic stomatitis), while 
cutaneous candidiasis includes generalized 
cutaneous candidiasis, intertrigo, interdigitalis 
blastomycetica erosion, Candida folliculitis, 
and chronic mucocutaneous candidiasis.4

Mucocutaneous invasion occurs if there is 
dysfunction of the skin-mucosa barrier or a 
decrease in immunity resulting in increased 
growth of normal flora. Dry, intact skin is a 
potent defense mechanism against fungal 
invasion, whereas increased epidermal 
hydration may decrease resistance against 
Candida invasion.4 These fungal infections can 
occur due to individual immunity imbalances, 
which can be caused by congenital or 
acquired immunodeficiencies.2 Depression 
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outcomes. This intervention has also been 
deemed highly cost-efficient, even in regions 
with moderate or low rates of syphilis 
among expectant mothers.6 According to 
WHO guidelines, the recommended first-
line treatment is penicillin G benzathine at a 
dosage of 2.4 million units.7,8

Insufficient treatment and treatment 
commenced late in pregnancy continued 
to pose risks for stillbirth, preterm birth, low 
birth weight, and neonatal congenital syphilis. 
Each week of delayed treatment is correlated 
with a 2.82-fold rise in the likelihood of 
adverse pregnancy outcomes.9 In cases of 
penicillin allergy, the recommended approach 
is penicillin desensitization, followed by 
treatment with penicillin G benzathine. As 
an alternative therapy, WHO recommends 
procaine penicillin at 1.2 million units or 
erythromycin at 500 mg four times a day.10,11 
Penicillin is the current first line of syphilis 
treatment.12 This systematic review is on the 
side effects and the incidence of congenital 
syphilis after penicillin G treatment in 
pregnant women.

Search Strategy
The process described outlines a systematic 
approach to conducting a literature review 
on the topic of Fetal Outcome in Pregnancy 
Infected Syphilis Treated with Penicillin 
G, using three electronic search engines: 
PubMed, Science Direct, and Cochrane. The 
search strategy involved using a combination 
of keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis.” These 
keywords were combined in different strings 
depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Search Strategy
A literature review was conducted on 
three electronic search engines: PubMed, 
Science Direct, and Cochrane. The search 
strategy involved using a combination of 
keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis”. These 
keywords were combined in different strings 

depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Study Selection
Articles were identified using “Antibiotic”, 
“Pregnancy”, “Congenital Syphilis”, “Syphilis”, 
“Treatment” as keywords on three electronic 
search engine; PubMed, Science Direct, and 
Cochrane.

The study selection process follows the criteria 
for inclusion and exclusion. The inclusion 
criteria were observational study, including 
case reports, case control studies, case series, 
and both prospective and retrospective 
cohort studies describing the type of 
antibiotic, dosage, and duration of treatment 
in pregnant women with syphilis, the time 
of diagnosis and the fetal outcome. Editorial 
articles, reviews, correspondences, and 
clinical opinions were excluded; dissertations, 
management guidelines, and in vitro studies 
were also excluded. Studies involving animal 
subjects were not considered for inclusion. 

Duplicates were removed using Zotero 
software.

Retrieved articles underwent initial screening 
based on their titles and abstracts to assess 
their relevance to the inclusion and exclusion 
criteria. The screening process was conducted 
by an investigator and supervised by a second 
investigator to ensure consistency and 
accuracy. Selected articles underwent a full-
text assessment to confirm their suitability 
for this study; the same investigators who 
conducted the initial screening also performed 
the assessment of full texts and extraction of 
outcome and independent variables.

Data Extraction
An ad hoc electronic form of a Remote 
Desktop Protocol (RDP) file was prepared to 
collect qualitative variables from selected 
articles related to antibiotic treatment for 
pregnant women with syphilis. Since the data 
were retrieved from the results sections of the 
articles and did not involve direct interaction 
with human participants, local ethical approval 
is not necessary. The following variables 
related to the study were collected: 1) The 
first author; 2) Publication date; 3) The age of 
the mother; 4) Gestational age; 5) Severity of 

Scheme. Algorithm of summarizing literature articles and selection process for reviewing of 
antibiotics therapy for pregnant women with syphilis infection.
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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of T lymphocytes or neutrophil-mediated 
immunity can result in fungal growth and 
invasion.5 Recognition of host immunity to 
Candida involves non-specific and specific 
immune responses.6

DISCUSSION
Pathogenesis of Candidiasis
Candida albicans, as a commensal organism, 
can turn into a pathogen related to candida 
virulence factors in the form of adhesion, 
invasion and cell damage by secreting 
hydrolase enzymes in the form of proteases, 
phospholipases and lipases that can damage 
cell membranes and cell organelles. The 
virulence is influenced by the site of mucosal 
or systemic infection, the stage of infection, 
and the natural host responses. Enzymes 
synthesized by Candida, secreted as aspartyl 
proteinases (SAP), determine the virulence 
factors. SAP of C. albicans consists of 10 
isoenzymes (SAP 1 to 10). SAP 1-3 play an 
important role for superficial infections, 
including in the mucosa and skin, while SAP 
4-6 are important for systemic infections.2

Candida albicans invasion is mediated by 
two processes, namely endocytosis and 
active penetration. Endocytosis is performed 
by host cells, while active penetration by 
candida is mediated by hyphal extension and 
production of hydrolytic enzyme factors such 
as aspartic proteinase. This process results in 
invasion and induction of host cell damage.6 
Hyphae formation promotes invasion of 
endothelial and epithelial tissues and allows 
avoidance of macrophage action.4 The 
mechanism of C. albicans to resist the immune 
system is through various means, including 
yeast to hyphae phase transition, decreased 
expression of epithelial toll-like receptor 
4 (TLR4), refuge from fungal component 
recognition, inhibition and degradation 
of the complement system, inhibition of 
phagolysosome formation, and modulation of 
T-cell function.7 Candida sp. also could invade 
the intestinal tract through anastomotic 
leakage after procedures, which cause deeper 
local infection or candidemia and lead to 
secondary spreading infections to the lungs, 
liver, spleen, kidneys, bones, or eyes.8

Innate Immune Responses against Candida 
Infection
The innate immune response is immediately 
activated when the body recognizes the 
microbes; this response plays a role in 
controlling fungal invasion and preventing 
disease. The interaction between Candida sp. 
and innate immune cells are visualized in the 
Figure.

Factors related to innate immunity against 
Candida were:
A. Epithelial Cells
Epithelial cells separate the host from the 
environment and then provide the first initial 
defense against pathogens. Initially, epithelial 
cells were only thought to be a physical 
barrier that prevented infections. Recently, 
epithelial cells are known to also provide 
anti-microbial activity and respond actively 
to pathogens. The release of inflammatory 
mediators from epithelial cells is an important 
step in protection, including the recruitment 
of proinflammatory leukocytes and the 
production of host defense peptide (HDP). 
HDP release plays an important role in 

Figure. The recognition of Candida sp. by innate immune cells.1
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ABSTRACT

Background: Syphilis infection during pregnancy can cause congenital syphilis. Syphilis in pregnant women is treated with penicillin to prevent 
fetal infection and congenital syphilis. A systematic literature review is conducted to determine the efficacy of penicillin G by reviewing outcome 
parameters. Methods: A systematic literature review following the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines. Results: Through searches on PubMed, Science Direct, and Cochrane using keywords ‘Antibiotics’, ‘Pregnancy’, ‘Syphilis’, and ‘Treatment’, 
230 articles were found. Twenty-five articles were duplicates, 135 articles did not meet the inclusion criteria, 75 articles were literature reviews, 
and 58 articles were not related to pregnant women, resulting in 6 journals that met the inclusion criteria. Conclusion: Penicillin G benzathine is 
the most common antibiotic used to treat syphilis in pregnancy. A total of 1,190 cases (26.26%) of congenital syphilis were found among 4,531 
pregnant women infected with syphilis and receiving penicillin G benzathine therapy. The incidence of congenital syphilis was 2.4% in pregnant 
women who received therapy since the first trimester. The incidence of congenital syphilis increased 12 times if therapy was given in the second 
trimester and 33 times if given in the third trimester.

Keywords: Congenital syphilis, penicillin G, syphilis infection during pregnancy, syphilis treatment.

ABSTRAK

Latar belakang: Infeksi sifilis pada kehamilan dapat menyebabkan sifilis kongenital. Terapi penicillin bertujuan untuk mengatasi infeksi sifilis pada 
ibu hamil, agar janin tidak tertular dan tidak terjadi sifilis kongenital. Dilakukan tinjauan literatur sistematis untuk mengetahui khasiat penicillin 
G dengan meninjau parameter hasil. Metode: Tinjauan literatur sistematis mengikuti pedoman preferred reporting items for systematic reviews 
and meta-analysis (PRISMA). Hasil: Melalui pencarian data di PubMed, Science Direct, dan Cochrane menggunakan kata kunci ‘Antibiotik’ ‘Hamil’ 
‘Kehamilan’ ‘Sifilis’ dan ‘Tata laksana’, didapatkan 230 artikel. Saat seleksi, terdapat 25 artikel duplikat, 135 artikel tidak memenuhi kriteria inklusi, 
tinjauan literatur 75 artikel, populasi bukan wanita hamil 58 artikel, sehingga didapatkan 6 jurnal yang memenuhi kriteria iklusi. Simpulan: 
Penicillin G benzathine adalah antibiotik yang paling umum digunakan untuk mengobati sifilis pada kehamilan. Sebanyak 1.190 kasus (26,26%) 
sifilis kongenital ditemukan di antara 4.531 wanita hamil yang terinfeksi sifilis dan menerima terapi penicillin G benzathine. Insiden sifilis kongenital 
didapatkan 2,4% pada ibu hamil yang mendapat terapi sejak trimester pertama. Kejadian sifilis kongenital meningkat 12 kali jika terapi diberikan 
pada trimester kedua dan 33 kali jika diberikan pada trimester ketiga. Tigor Peniel Simanjuntak, Joshua Nathaniel Kuncoro. Luaran Janin pada 
Kehamilam Terinfeksi Si�lis yang Diterapi dengan Penicillin G: Tinjauan Sistematik.

Kata Kunci: Kongenital sifilis, penicillin G, infeksi sifilis pada kehamilan, tata laksana sifilis.

INTRODUCTION
Congenital syphilis occurs when an untreated 
pregnant woman passes the infection to her 
unborn child, resulting in a significant global 
burden with approximately 6 million new 
cases annually.1 In the United States, there 
was a notable 261% increase of congenital 
syphilis cases from 2013 to 2018.2 Pregnant 
women have particular risks for syphilis 
transmission, including factors such as 
young age, unprotected sexual activity with 
multiple partners, low socioeconomic and 

educational status, substance abuse, and 
a history of previous sexually transmitted 
infections (STIs).3 Syphilis is caused by 
Treponema pallidum and transmitted through 
sexual contact, creates a high risk to pregnant 
women. A not-appropriately-treated syphilis 
in pregnant woman has an up to 80% chance 
of transmitting the infection to the fetus.4 T. 
pallidum can easily pass through the placenta, 
leading to fetal infection at any stage of 
pregnancy and causing congenital syphilis. 
The effects of congenital syphilis vary based 

on gestational age, the stage of maternal 
syphilis, and the effectiveness of treatment. 
Infants infected with congenital syphilis may 
experience severe complications such as 
cerebral palsy, hydrocephalus, sensorineural 
hearing loss, and musculoskeletal 
deformities.4,5

Combination of syphilis testing with timely 
penicillin treatment for Treponema pallidum-
infected pregnant women have demonstrated 
efficacy in decreasing negative pregnancy 
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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regulating non-specific immune responses 
by enhancing direct and indirect chemotaxis 
processes. The main types of HDPs in the 
human oral cavity are defensins, catechins, 
and histamine. Defensins are found in the 
inflamed mucosa of the cheeks, gums, tongue, 
and salivary glands. Cathelicidin has an 
intracellular target, namely the mitochondria 
of microorganisms.9,10

B. Neutrophils
Neutrophil recruitment is required for a rapid 
response within 4-8 hours when the body 
fights fungal pathogens such as C. albicans.11 
Neutrophils are able to phagocytize Candida 
blastospores, then fungal hyphae trigger 
neutrophil extracellular traps (NETs) release. 
Interleukin-1 (IL-1) on the epithelium bound 
to the IL-1 receptor spurs an inflammatory 
response, including the release of HDP. C. 
albicans invasion induces a strong antifungal 
response in epithelial cells by stimulating 
proinflammatory cytokines and chemokines 
release that have a role in recruiting 
leukocytes. Proinflammatory cytokines that 
play a role include IL-16, granulocyte-colony 
stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-
CSF), and tumor necrosis factor (TNF) as well 
as chemokine (C-X-C motif ) ligand 8 (CXCL8/
IL-8), chemokine (C-C motif ) ligand 20 (CCL20), 
and regulated upon activation, normal T cell 
expressed and presumably secreted (RANTES). 
Epithelial cytokines and chemokines play 
a major role in host defense against fungal 
invasion, proving that fungal infection can be 
controlled on mucosal surfaces.10

C. Stromal Cells
The avascular epidermal layer is a horn layer 
structure composed of keratinocytes, keratin, 
and hydrophobic lipids. This layer provides 
a physical barrier to pathogens containing 
antimicrobials and anti–Candida peptides, 
namely β–defensins and cathelicidin, which 
are released by keratinocytes as a response 
against infection or colonization. Additionally, 
deficiency of ceramide synthase 3 (component 
of stratum corneum) can facilitate C. albicans 
infection.12

D. PPR for Candida
Candida is recognized by the immune system 
by identifying PAMPs, which are common to 
various types of fungi. Different from antigens, 
PAMPs are not specific to a particular Candida 

sp. Microbial PAMPs are recognized by the 
host PRR so that the fungal component can 
be rapidly recognized. The following is a list of 
Candida PAMPs and the PRRs that recognize 
them (Table 1).6 Immune cells that express 
PRR, such as monocytes, macrophages, 
neutrophils, and dendritic cells, will recognize 
Candida cell PAMPs. The interaction between 
PRR-expressing immune cells and PAMPs 
from Candida cells will activate intracellular 
signaling mediators and produce varied 
immune responses, such as the production 
of proinflammatory cytokines, reactive 
oxygen species (ROS), induction of T helper 
cell responses, and internalization of Candida 
cells.1

E. Toll-Like Receptors (TLR)
Some TLRs could recognize C. albicans 
polysaccharides in the cell wall, including 
TLR2, which recognizes phospholipomannan, 
and TLR4, which recognizes O-linked 
mannans. Activation of TLRs by their ligands 
triggers intracellular signaling pathways, e.g., 
MAPK and NF-kB, resulting in the transcription 

and secretion of TNFα, IL–6, and IFN type 1. 
Toll-like receptors are differentially expressed 
by various cell types, including natural killer 
(NK) cells, melanocytes, dendritic cells, and 
macrophages, and can cooperate with C-type 
lectins to promote the production of IL-1β, 
TNF-α, and IL-12.12

F. C-type Lectin Receptors (CLRs)
C-type lectin receptors (CLRs) include a 
group of receptors that bind glycan through 
recognition of extracellular carbohydrate 
and mediate intracellular signals through 
various types of cytoplasmic domains. 
The most frequently studied CLRs include 
Dectin-1 which can recognize β-glucan 
from the cell wall of fungi such as C. albicans. 
Signals from Dectin-1 activate cells by the 
SYK–dependent pathway, thus forming the 
caspase recruitment domain family member 
9-B-cell lymphoma 10-mucosa-associated 
lymphoid tissue lymphoma translocation 
protein 1 (CARD9-BCL10-MALT1) trimer and 
activation of NF-kB. This mechanism leads 
to proinflammatory cytokines transcription, 

Table 1. Pattern recognition receptors (PPRs) against Candida.6

PRR Location Molecular Recognition Response against 
Candida

TLR

TLR1/2 Superficial Zymosan/ β-glucans Maybe

TLR2 Superficial Phospholipomannan; zymosan Yes

TLR2/6 Superficial Zymosan/ β-glucans Maybe

TLR3 Endosomal dsRNA Maybe

TLR4 Superficial/ 
cytoplasmic

O-linked mannan Yes

TLR9 Endosomal Fungal DNA not methylated CpG Yes

C-type lectins

Dectin-1 Superficial β-1, 3 glucan; mannan; zymosan Yes

Dectin-2/3 Superficial Mannan Yes

Mannose 
receptor

Superficial N-linked mannan; 
N-acetylglucosamine

Yes

Mincle Superficial Mannan Maybe

DC-SIGN Superficial N-linked mannose structure Maybe

Galectins cytoplasmic/ 
nucleus; 
extracellular

β-1,2 mannoside Maybe

NLR

NLRP3 Cytoplasmic Zymosan/ β-glucans Yes

NLRC4 Cytoplasmic Zymosan/ β-glucans Yes
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outcomes. This intervention has also been 
deemed highly cost-efficient, even in regions 
with moderate or low rates of syphilis 
among expectant mothers.6 According to 
WHO guidelines, the recommended first-
line treatment is penicillin G benzathine at a 
dosage of 2.4 million units.7,8

Insufficient treatment and treatment 
commenced late in pregnancy continued 
to pose risks for stillbirth, preterm birth, low 
birth weight, and neonatal congenital syphilis. 
Each week of delayed treatment is correlated 
with a 2.82-fold rise in the likelihood of 
adverse pregnancy outcomes.9 In cases of 
penicillin allergy, the recommended approach 
is penicillin desensitization, followed by 
treatment with penicillin G benzathine. As 
an alternative therapy, WHO recommends 
procaine penicillin at 1.2 million units or 
erythromycin at 500 mg four times a day.10,11 
Penicillin is the current first line of syphilis 
treatment.12 This systematic review is on the 
side effects and the incidence of congenital 
syphilis after penicillin G treatment in 
pregnant women.

Search Strategy
The process described outlines a systematic 
approach to conducting a literature review 
on the topic of Fetal Outcome in Pregnancy 
Infected Syphilis Treated with Penicillin 
G, using three electronic search engines: 
PubMed, Science Direct, and Cochrane. The 
search strategy involved using a combination 
of keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis.” These 
keywords were combined in different strings 
depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Search Strategy
A literature review was conducted on 
three electronic search engines: PubMed, 
Science Direct, and Cochrane. The search 
strategy involved using a combination of 
keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis”. These 
keywords were combined in different strings 

depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Study Selection
Articles were identified using “Antibiotic”, 
“Pregnancy”, “Congenital Syphilis”, “Syphilis”, 
“Treatment” as keywords on three electronic 
search engine; PubMed, Science Direct, and 
Cochrane.

The study selection process follows the criteria 
for inclusion and exclusion. The inclusion 
criteria were observational study, including 
case reports, case control studies, case series, 
and both prospective and retrospective 
cohort studies describing the type of 
antibiotic, dosage, and duration of treatment 
in pregnant women with syphilis, the time 
of diagnosis and the fetal outcome. Editorial 
articles, reviews, correspondences, and 
clinical opinions were excluded; dissertations, 
management guidelines, and in vitro studies 
were also excluded. Studies involving animal 
subjects were not considered for inclusion. 

Duplicates were removed using Zotero 
software.

Retrieved articles underwent initial screening 
based on their titles and abstracts to assess 
their relevance to the inclusion and exclusion 
criteria. The screening process was conducted 
by an investigator and supervised by a second 
investigator to ensure consistency and 
accuracy. Selected articles underwent a full-
text assessment to confirm their suitability 
for this study; the same investigators who 
conducted the initial screening also performed 
the assessment of full texts and extraction of 
outcome and independent variables.

Data Extraction
An ad hoc electronic form of a Remote 
Desktop Protocol (RDP) file was prepared to 
collect qualitative variables from selected 
articles related to antibiotic treatment for 
pregnant women with syphilis. Since the data 
were retrieved from the results sections of the 
articles and did not involve direct interaction 
with human participants, local ethical approval 
is not necessary. The following variables 
related to the study were collected: 1) The 
first author; 2) Publication date; 3) The age of 
the mother; 4) Gestational age; 5) Severity of 

Scheme. Algorithm of summarizing literature articles and selection process for reviewing of 
antibiotics therapy for pregnant women with syphilis infection.
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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including IL-1β, IL-6, and IL-12. Some of C. 
albicans species can increase cell wall chitin 
production thereby decreasing the availability 
of fungal cell wall β-glucan to be recognized 
by Dectin-1.12

G. Nod-like Receptors (NLR)
Nod-like Receptors (NLR) are a family of 
intracellular PRRs characterized by leucine-
rich and nucleotide-binding domains that can 
detect PAMPs presented in the cell cytoplasm. 
Nod-like Receptors are commonly associated 
with two other proteins, apoptosis-associated 
speck-like protein containing a CARD 
(ASC) and procaspase-1, which then form 
a large multimeric protein complex called 
the inflamasome. C. albicans can activate 
inflammasomes namely NOD-, LRR-, and pyrin 
domain-containing protein 3 (NLRP3) and 
NLR family CARD domain-containing protein 
4 (NLRC4) resulting in IL-1β production.6 
Caspase-1 and ASC are important in defense 
against Candida through expression of IL-
1β and IL-18 and induction of Th1 and Th17 
antifungal responses.11

H. Skin Nerves
Neuronal activation by C. albicans increases 
the secretion of calcitonin gene related 
peptide (CGRP). Calcitonin gene related 
peptide has antifungal properties in vitro 
acting on keratinocyte cells to increase 
proliferation and in vivo can increase the 
secretion of interleukin-23 (IL-23).12

I. Macrophages

Macrophages release inflammatory cytokines 
and chemokines that can recruit other immune 
cells to the site of infection. Previous animal 
studies with macrophage depletion showed 
increased fungal proliferation in tissues 
and increased mortality. Macrophages can 
recognize and phagocytose nonopsonized 
Candida via TLRs and cytotoxic T cells as well as 
opsonized Candida via complement receptor 
3 (CR3) and fragment crystallizable receptor 
(FcR). Macrophage phagosomes follow the 
endocytic maturation pathway, and cathepsin 
D activity is increased in phagolysosomes with 
an acidic pH. M1 macrophage synthesizes 
reactive nitrogen species (RNS) and nitric 
oxide to destroy Candida and secrete 
TNFα, chemokines CXCL9 and CXCL10. M2 
macrophage expresses a higher level of 
mannose receptor (CD206) thus enhancing 
Candida phagocytosis.6

Adaptive Immune Response against 
Candidiasis
Adaptive immune responses can be divided 
into cell-mediated immunity and humoral 
immunity. In humans, Th17 cells are the 
most important mediators of antifungal 
barrier immunity. Stimulation of naive 
CD4+ T cells with C. albicans can induce 
clonal T lymphocytes and IL-1β-dependent 
production of IL-17 and IFN-γ. Memory T 
cell responses to C. albicans show functional 
heterogenicity.12–14

A. Cell-Mediated Immunity
T–lymphocytes are a major part of adaptive 

immune response against C. albicans infection 
acting directly and indirectly to control 
fungal proliferation. Both T–helper cells 
(CD4+) and cytotoxic T–cells (CD8+) have a 
role in antifungal immunity and controlled 
by the dendritic cell population. The initial 
mechanism of adaptive immune response 
occurs through the presentation of fungal 
antigens to naive CD4+ T–cells by dendritic 
cells, resulting in a predominantly T–helper 
cells response at the mucosal membrane. 
CD4+ T–cells have no direct cytolytic activity, 
but still have an important part in the cellular 
adaptive response against fungal infection. 
The significance of the T–helper cellular 
response driving protective immunity against 
C. albicans was evidenced as increased 
prevalence of oropharyngeal candidiasis in 
HIV/AIDS patients. The Th1 response was 
historically thought to be the dominant 
defensive cellular response against C. albicans, 
which affecting in eradication of the fungus 
from the oral cavity and gut. Nevertheless, 
the Th17 response is currently shown to 
contribute more to the protection of systemic 
Candida infections.15

B. Humoral Immunity
The endogenous antibody response against 
infection of C. albicans in humans is thought 
to play a minor role in immune protection 
to the fungus and was considered less 
effective than the cellular response (T-helper 
17/T-helper 1). Mannoproteins with O- and 
N-linked mannose polysaccharide complexes 
are integral components of the C. albicans 

Table 2. Primary immunodeficiency associated with susceptibility to candidiasis.1

Affected 
Genes

Main Symptoms Immunity Defects

STAT1 Chronic mucocutaneous candidiasis, hypothyroidism, 
esophageal cancer

Decrease of IFN-γ, IL-17 and IL-22 production

STAT3 Hyper-IgE serum, Candida, and staphylococcal infections Decrease of IFN-γ, IL-17 and IL-22 production

DOCK8 Hyper-IgE serum, Candida, and staphylococcal infections Impaired T cell activation, decrease of IFN-γ, IL-17 and IL-22 
production

TYK2 Hyper-IgE serum, Candida, and staphylococcal infections Impaired cytokine signalling

IL-17RA Chronic mucocutaneous candidiasis Function loss of IL-17RA

IL-17F Chronic mucocutaneous candidiasis Function loss of IL-17F

CARD9 Mucosal and disseminated Candida infections Decrease of IL-17 production

IL-12Rβ1 Salmonella, mycobacterium and Candida infections Function loss of IL-12 and IL-23 receptor, Decrease of IFN-γ and 
IL-17 production

AIRE Chronic mucocutaneous candidiasis, adrenal insufficiency, 
hypoparathyroidism

Impaired negative selection of thymus and autoreactive T cells, 
antibodies to IL-17 and IL-22
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Fetal Outcome in Pregnancy Infected Syphilis Treated 
with Penicillin G: A Systematic Review
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ABSTRACT

Background: Syphilis infection during pregnancy can cause congenital syphilis. Syphilis in pregnant women is treated with penicillin to prevent 
fetal infection and congenital syphilis. A systematic literature review is conducted to determine the efficacy of penicillin G by reviewing outcome 
parameters. Methods: A systematic literature review following the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines. Results: Through searches on PubMed, Science Direct, and Cochrane using keywords ‘Antibiotics’, ‘Pregnancy’, ‘Syphilis’, and ‘Treatment’, 
230 articles were found. Twenty-five articles were duplicates, 135 articles did not meet the inclusion criteria, 75 articles were literature reviews, 
and 58 articles were not related to pregnant women, resulting in 6 journals that met the inclusion criteria. Conclusion: Penicillin G benzathine is 
the most common antibiotic used to treat syphilis in pregnancy. A total of 1,190 cases (26.26%) of congenital syphilis were found among 4,531 
pregnant women infected with syphilis and receiving penicillin G benzathine therapy. The incidence of congenital syphilis was 2.4% in pregnant 
women who received therapy since the first trimester. The incidence of congenital syphilis increased 12 times if therapy was given in the second 
trimester and 33 times if given in the third trimester.

Keywords: Congenital syphilis, penicillin G, syphilis infection during pregnancy, syphilis treatment.

ABSTRAK

Latar belakang: Infeksi sifilis pada kehamilan dapat menyebabkan sifilis kongenital. Terapi penicillin bertujuan untuk mengatasi infeksi sifilis pada 
ibu hamil, agar janin tidak tertular dan tidak terjadi sifilis kongenital. Dilakukan tinjauan literatur sistematis untuk mengetahui khasiat penicillin 
G dengan meninjau parameter hasil. Metode: Tinjauan literatur sistematis mengikuti pedoman preferred reporting items for systematic reviews 
and meta-analysis (PRISMA). Hasil: Melalui pencarian data di PubMed, Science Direct, dan Cochrane menggunakan kata kunci ‘Antibiotik’ ‘Hamil’ 
‘Kehamilan’ ‘Sifilis’ dan ‘Tata laksana’, didapatkan 230 artikel. Saat seleksi, terdapat 25 artikel duplikat, 135 artikel tidak memenuhi kriteria inklusi, 
tinjauan literatur 75 artikel, populasi bukan wanita hamil 58 artikel, sehingga didapatkan 6 jurnal yang memenuhi kriteria iklusi. Simpulan: 
Penicillin G benzathine adalah antibiotik yang paling umum digunakan untuk mengobati sifilis pada kehamilan. Sebanyak 1.190 kasus (26,26%) 
sifilis kongenital ditemukan di antara 4.531 wanita hamil yang terinfeksi sifilis dan menerima terapi penicillin G benzathine. Insiden sifilis kongenital 
didapatkan 2,4% pada ibu hamil yang mendapat terapi sejak trimester pertama. Kejadian sifilis kongenital meningkat 12 kali jika terapi diberikan 
pada trimester kedua dan 33 kali jika diberikan pada trimester ketiga. Tigor Peniel Simanjuntak, Joshua Nathaniel Kuncoro. Luaran Janin pada 
Kehamilam Terinfeksi Si�lis yang Diterapi dengan Penicillin G: Tinjauan Sistematik.

Kata Kunci: Kongenital sifilis, penicillin G, infeksi sifilis pada kehamilan, tata laksana sifilis.

INTRODUCTION
Congenital syphilis occurs when an untreated 
pregnant woman passes the infection to her 
unborn child, resulting in a significant global 
burden with approximately 6 million new 
cases annually.1 In the United States, there 
was a notable 261% increase of congenital 
syphilis cases from 2013 to 2018.2 Pregnant 
women have particular risks for syphilis 
transmission, including factors such as 
young age, unprotected sexual activity with 
multiple partners, low socioeconomic and 

educational status, substance abuse, and 
a history of previous sexually transmitted 
infections (STIs).3 Syphilis is caused by 
Treponema pallidum and transmitted through 
sexual contact, creates a high risk to pregnant 
women. A not-appropriately-treated syphilis 
in pregnant woman has an up to 80% chance 
of transmitting the infection to the fetus.4 T. 
pallidum can easily pass through the placenta, 
leading to fetal infection at any stage of 
pregnancy and causing congenital syphilis. 
The effects of congenital syphilis vary based 

on gestational age, the stage of maternal 
syphilis, and the effectiveness of treatment. 
Infants infected with congenital syphilis may 
experience severe complications such as 
cerebral palsy, hydrocephalus, sensorineural 
hearing loss, and musculoskeletal 
deformities.4,5

Combination of syphilis testing with timely 
penicillin treatment for Treponema pallidum-
infected pregnant women have demonstrated 
efficacy in decreasing negative pregnancy 
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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cell wall and major targets of anti–Candida 
antibodies. The binding of antibodies to cell 
surface components of infecting the fungi 
can inhibit the biological functions of fungi. 
Antibody protection to C. albicans is not 
limited to cell surface molecules. Antibody–
mediated inhibition of SAP activity enhances 
protection against vaginal candidiasis in 
mice, whereas the antibodies specific to heat 
shock protein 90 (Hsp90) of C. albicans protect 
against systemic candidiasis.15

Immunodeficiency Associated with 
Susceptibility to Candidiasis
Conditions that may facilitate fungal 
invasion include congenital and acquired 
immunodeficiencies. Congenital defects in 
granulocyte function such as myeloperoxidase 
deficiency facilitate Candida infection. 
Immune defects due to iatrogenic or natural 
causes such as the use of chemotherapy 
in cancer patients result in a decrease of 
neutrophils, facilitating the occurrence of 
fungal infections.2 Several genetic variations 
of human genome have been identified 
as having susceptibility against Candida 
infection. Genetic determinant of primary 
immunodeficiency may lead to chronic 
mucocutaneous candidiasis and gene 
polymorphisms associated with susceptibility 
to systemic infections have been reported 

(Table 2).1 Various immune response defects 
against C. albicans in PRR (especially CLR) 
may deliver in susceptibility to chronic 
mucocutaneous candidiasis.16

CARD9 mutations related to CLR function, 
which plays a role in dectin-1 and dectin-2 
signaling pathways, increase susceptibility 
to mucocutaneous and systemic candidiasis 
infections. Patients with CARD9 deficiency 
also show the absence of a complete Th17 
cell response. Signal Transducer and Activator 
of Transcription (STAT)3 mutations are 
associated with major immunodeficiency 
syndrome in the form of hyper-IgE syndrome 
(HIES) resulting in severe IL-17 defects. 
Polymorphisms in TLR3 are associated with 
manifestations of C. albicans infection in 
chronic mucocutaneous candidiasis (CMC).16

Studies in HIV transgenic mice conducted 
by Goupil, et al, showed IL-17 defect and 
IL-22 dependent induction can increase 
susceptibility to oral candidiasis.17 In untreated 
HIV patients there is an early impairment 
of Th17 function and depletion of specific 
CD4+ T cells against C. albicans. This is an 
important mechanism in the loss of immunity 
to mucosal candidiasis.17,18 The detection of 
autoantibodies to Th17 cell cytokines such as 
IL-17A/F and IL-22 suggests candidiasis is an 

autoimmune disorder.19

Patients with systemic autoimmune 
diseases also have an increased risk of 
candidemia, although the risk is not as great 
as patients with HIV infection or congenital 
immunodeficiency. Vaquero-Herrero, et al, 
in 2020 found that of 1,040 patients with 
candidemia, 3.5% had systemic autoimmune 
diseases with rheumatoid arthritis being the 
most common type of autoimmune disease 
(27.8%). The most common Candida species 
found in systemic autoimmune patients was 
C. albicans (66.7%).20

CONCLUSION
Candida albicans, as a commensal organism, 
can turn into a pathogen influenced 
by Candida virulence factors, the host 
environment and the body’s immune 
response. Innate immune responses that play 
a role include epithelial cells, stromal cells, 
PRR, nerve cells, neutrophils, monocytes, 
macrophages, NK cells, and dendritic cells. 
While, adaptive immunity against Candida 
is regulated by T-helper 1 and 17 cells that 
produce proinflammatory cytokines including 
IL-2, IL 17, IL 23, and IFN-γ. Adaptive immunity 
also has a role in activating the release of anti-
Candida mediators from epithelial cells, such 
as defensins.
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outcomes. This intervention has also been 
deemed highly cost-efficient, even in regions 
with moderate or low rates of syphilis 
among expectant mothers.6 According to 
WHO guidelines, the recommended first-
line treatment is penicillin G benzathine at a 
dosage of 2.4 million units.7,8

Insufficient treatment and treatment 
commenced late in pregnancy continued 
to pose risks for stillbirth, preterm birth, low 
birth weight, and neonatal congenital syphilis. 
Each week of delayed treatment is correlated 
with a 2.82-fold rise in the likelihood of 
adverse pregnancy outcomes.9 In cases of 
penicillin allergy, the recommended approach 
is penicillin desensitization, followed by 
treatment with penicillin G benzathine. As 
an alternative therapy, WHO recommends 
procaine penicillin at 1.2 million units or 
erythromycin at 500 mg four times a day.10,11 
Penicillin is the current first line of syphilis 
treatment.12 This systematic review is on the 
side effects and the incidence of congenital 
syphilis after penicillin G treatment in 
pregnant women.

Search Strategy
The process described outlines a systematic 
approach to conducting a literature review 
on the topic of Fetal Outcome in Pregnancy 
Infected Syphilis Treated with Penicillin 
G, using three electronic search engines: 
PubMed, Science Direct, and Cochrane. The 
search strategy involved using a combination 
of keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis.” These 
keywords were combined in different strings 
depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Search Strategy
A literature review was conducted on 
three electronic search engines: PubMed, 
Science Direct, and Cochrane. The search 
strategy involved using a combination of 
keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis”. These 
keywords were combined in different strings 

depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Study Selection
Articles were identified using “Antibiotic”, 
“Pregnancy”, “Congenital Syphilis”, “Syphilis”, 
“Treatment” as keywords on three electronic 
search engine; PubMed, Science Direct, and 
Cochrane.

The study selection process follows the criteria 
for inclusion and exclusion. The inclusion 
criteria were observational study, including 
case reports, case control studies, case series, 
and both prospective and retrospective 
cohort studies describing the type of 
antibiotic, dosage, and duration of treatment 
in pregnant women with syphilis, the time 
of diagnosis and the fetal outcome. Editorial 
articles, reviews, correspondences, and 
clinical opinions were excluded; dissertations, 
management guidelines, and in vitro studies 
were also excluded. Studies involving animal 
subjects were not considered for inclusion. 

Duplicates were removed using Zotero 
software.

Retrieved articles underwent initial screening 
based on their titles and abstracts to assess 
their relevance to the inclusion and exclusion 
criteria. The screening process was conducted 
by an investigator and supervised by a second 
investigator to ensure consistency and 
accuracy. Selected articles underwent a full-
text assessment to confirm their suitability 
for this study; the same investigators who 
conducted the initial screening also performed 
the assessment of full texts and extraction of 
outcome and independent variables.

Data Extraction
An ad hoc electronic form of a Remote 
Desktop Protocol (RDP) file was prepared to 
collect qualitative variables from selected 
articles related to antibiotic treatment for 
pregnant women with syphilis. Since the data 
were retrieved from the results sections of the 
articles and did not involve direct interaction 
with human participants, local ethical approval 
is not necessary. The following variables 
related to the study were collected: 1) The 
first author; 2) Publication date; 3) The age of 
the mother; 4) Gestational age; 5) Severity of 

Scheme. Algorithm of summarizing literature articles and selection process for reviewing of 
antibiotics therapy for pregnant women with syphilis infection.
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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ABSTRACT

Background: Syphilis infection during pregnancy can cause congenital syphilis. Syphilis in pregnant women is treated with penicillin to prevent 
fetal infection and congenital syphilis. A systematic literature review is conducted to determine the efficacy of penicillin G by reviewing outcome 
parameters. Methods: A systematic literature review following the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines. Results: Through searches on PubMed, Science Direct, and Cochrane using keywords ‘Antibiotics’, ‘Pregnancy’, ‘Syphilis’, and ‘Treatment’, 
230 articles were found. Twenty-five articles were duplicates, 135 articles did not meet the inclusion criteria, 75 articles were literature reviews, 
and 58 articles were not related to pregnant women, resulting in 6 journals that met the inclusion criteria. Conclusion: Penicillin G benzathine is 
the most common antibiotic used to treat syphilis in pregnancy. A total of 1,190 cases (26.26%) of congenital syphilis were found among 4,531 
pregnant women infected with syphilis and receiving penicillin G benzathine therapy. The incidence of congenital syphilis was 2.4% in pregnant 
women who received therapy since the first trimester. The incidence of congenital syphilis increased 12 times if therapy was given in the second 
trimester and 33 times if given in the third trimester.

Keywords: Congenital syphilis, penicillin G, syphilis infection during pregnancy, syphilis treatment.

ABSTRAK

Latar belakang: Infeksi sifilis pada kehamilan dapat menyebabkan sifilis kongenital. Terapi penicillin bertujuan untuk mengatasi infeksi sifilis pada 
ibu hamil, agar janin tidak tertular dan tidak terjadi sifilis kongenital. Dilakukan tinjauan literatur sistematis untuk mengetahui khasiat penicillin 
G dengan meninjau parameter hasil. Metode: Tinjauan literatur sistematis mengikuti pedoman preferred reporting items for systematic reviews 
and meta-analysis (PRISMA). Hasil: Melalui pencarian data di PubMed, Science Direct, dan Cochrane menggunakan kata kunci ‘Antibiotik’ ‘Hamil’ 
‘Kehamilan’ ‘Sifilis’ dan ‘Tata laksana’, didapatkan 230 artikel. Saat seleksi, terdapat 25 artikel duplikat, 135 artikel tidak memenuhi kriteria inklusi, 
tinjauan literatur 75 artikel, populasi bukan wanita hamil 58 artikel, sehingga didapatkan 6 jurnal yang memenuhi kriteria iklusi. Simpulan: 
Penicillin G benzathine adalah antibiotik yang paling umum digunakan untuk mengobati sifilis pada kehamilan. Sebanyak 1.190 kasus (26,26%) 
sifilis kongenital ditemukan di antara 4.531 wanita hamil yang terinfeksi sifilis dan menerima terapi penicillin G benzathine. Insiden sifilis kongenital 
didapatkan 2,4% pada ibu hamil yang mendapat terapi sejak trimester pertama. Kejadian sifilis kongenital meningkat 12 kali jika terapi diberikan 
pada trimester kedua dan 33 kali jika diberikan pada trimester ketiga. Tigor Peniel Simanjuntak, Joshua Nathaniel Kuncoro. Luaran Janin pada 
Kehamilam Terinfeksi Si�lis yang Diterapi dengan Penicillin G: Tinjauan Sistematik.

Kata Kunci: Kongenital sifilis, penicillin G, infeksi sifilis pada kehamilan, tata laksana sifilis.

INTRODUCTION
Congenital syphilis occurs when an untreated 
pregnant woman passes the infection to her 
unborn child, resulting in a significant global 
burden with approximately 6 million new 
cases annually.1 In the United States, there 
was a notable 261% increase of congenital 
syphilis cases from 2013 to 2018.2 Pregnant 
women have particular risks for syphilis 
transmission, including factors such as 
young age, unprotected sexual activity with 
multiple partners, low socioeconomic and 

educational status, substance abuse, and 
a history of previous sexually transmitted 
infections (STIs).3 Syphilis is caused by 
Treponema pallidum and transmitted through 
sexual contact, creates a high risk to pregnant 
women. A not-appropriately-treated syphilis 
in pregnant woman has an up to 80% chance 
of transmitting the infection to the fetus.4 T. 
pallidum can easily pass through the placenta, 
leading to fetal infection at any stage of 
pregnancy and causing congenital syphilis. 
The effects of congenital syphilis vary based 

on gestational age, the stage of maternal 
syphilis, and the effectiveness of treatment. 
Infants infected with congenital syphilis may 
experience severe complications such as 
cerebral palsy, hydrocephalus, sensorineural 
hearing loss, and musculoskeletal 
deformities.4,5

Combination of syphilis testing with timely 
penicillin treatment for Treponema pallidum-
infected pregnant women have demonstrated 
efficacy in decreasing negative pregnancy 
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering




