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ABSTRACT: Azithromycin is an antibiotic used to treat syphilis, especially in the context of penicillin
allergy. Although resistance to azithromycin has been widely reported to be associated with one- and/
or two-point mutations on the 23S rRNA gene, it has yet to be described in Indonesia. Specimens were
collected from 220 patients diagnosed with secondary syphilis. A multiplex nested polymerase chain
reaction (PCR) testing system using the 23S rRNA target gene of Treponema pallidum was designed
using three primer pairs. The first step involved the use of PCR primer pairs to detect 7. pallidum. In
the second step, two PCR primer pairs were constructed to identify azithromycin-resistant 7. pallidum
based on A2058G and A2059G point mutations. 7. pallidum detected in samples from Jakarta or
Bandung were not resistant to azithromycin. However, azithromycin-resistant 7. pallidum were found in
samples from Makassar, Medan, and Bali. Specimens from heterosexual males and patients with HIV
accounted for the majority of azithromycin resistance noted in the study. This study demonstrated that
the azithromycin-resistant 7. pallidum detected in Indonesia appear to be a novel variant of resistance,
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containing both the A2058G and A2059G mutations found in Medan and Makassar.

INTRODUCTION

Syphilis is a complex, sexually transmitted disease
with diverse clinical manifestations. According to World
Health Organization data in 2005 and 2008, there was
an increase in the prevalence of syphilis in Southeast
Asian countries, from 1.37% to 6.1% in women and
1.25% to 6.3% in men (1). The prevalence of syphilis
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among direct and indirect female sex workers (FSWs) in
Indonesia was reported as 7.5% and 3.1%, respectively.
Moreover, an increasing prevalence was found among
brothel-based FSWs from 7.8% to 14.5% in 2005-2007
(2). A problem in diagnosing syphilis is the incapability
of Treponema pallidum to be cultured outside the
human body; this impairs the ability to detect and
identify T pallidum and makes it difficult to determine
the antibiotic sensitivity pattern (1,3-5).

The most commonly used diagnostic test for syphilis
is a nontreponemal serological examination followed
by a treponemal confirmation test (5-7). To minimize
false positive and negative results in serological
examinations, such as rapid plasma reagin (RPR) and
T. pallidum hemagglutination (TPHA) vs. clinical
symptoms, molecular methods such as polymerase
chain reaction (PCR) having suitable sensitivity



and specificity to detect 7. pallidum in primary
and secondary syphilis as well as the potential to
simultaneously identify antibiotic-resistance 7. pallidum
have been used (7-9).

Syphilis treatment has evolved since the discovery
of penicillin. Penicillin-based regimens remain the
standard treatment for syphilis at all stages (5,10).
Recommended penicillin regimens include deep
intramuscular preparations, which patients may refuse
and could yield a Jarisch-Herxheimer reaction. The risk
of needlestick injuries also exists for medical personnel.
Moreover, allergic reactions could cause anaphylactic
shock, which may lead to death. Finally, penicillin
desensitization may not be available and could cause
delays in treatment.

In Indonesia, macrolide antibiotics are used as an
alternative to penicillin for syphilis treatment, according
to the sexually transmitted infections (STIs) treatment
manual by the Ministry of Health of 2012 (11). Oral
administration of azithromycin is an alternative
treatment that has been shown to have similar efficacy
to penicillin (12,13). The benefits and ease of oral
administration, suitable tissue penetration, minimal side
effects, and long half-life (68 hours) make azithromycin
one of the most widely used macrolide antibiotics
in the treatment of syphilis. Azithromycin treatment
failure is reported predominantly in patients with HIV,
first described in San Francisco in 2002. Since then,
azithromycin resistance has been reported in multiple
settings, including the Americas, Europe, and Asia
(14-16). To our knowledge, there are no reports of
azithromycin resistance in Indonesia. To determine the
prevalence of 7. pallidum resistance to azithromycin in
Indonesia, we used a multiplex nested PCR molecular
method to detect A2058G and A2059G mutations of
T. pallidum on the 23S rRNA gene, which have been
widely reported to be responsible for the resistance of 7.
pallidum to azithromycin worldwide.

MATERIALS AND METHODS

Study population: This study was carried out over
two years. Blood samples were collected from 220
patients over the study period. In the first year, samples
were taken from 62 patients from 4 STIs Clinic in
Jakarta (Ciptomangunkusumo Hospital, Jatinegara
Clinic, community health centers in Pasar Rebo and
Tambora). Optimization of all PCR parameters to
obtain optimal reaction conditions was carried out in
the first year of study and has been tested using all
clinical samples. In the second year, this PCR system
method was tested on 158 clinical samples, including
33 clinical samples from Medan and 32 clinical samples
from Bandung representing Western Indonesia, 33
clinical samples from Bali representing the middle part
of Indonesia, and 60 clinical samples from Makassar
representing Eastern Indonesia. This study was
approved by the Ethical Committee of the Hospital and
Faculty of Medicine University of Indonesia (no: 158/
UN2.FI/ETIK/2015), and all patients gave their written
consent before enrollment in the study.

Clinical specimens: A pair of venous blood samples
were collected as clinical specimens without and with
EDTA anticoagulant. After arriving at the laboratory,
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blood samples from the tube with EDTA anticoagulant
were transferred to a 1.5-mL microtube PCR and
stored at —80 °C. Blood samples from tubes without
anticoagulants were centrifuged at 2,500 rpm for 10 min
to obtain serum. The serum was transferred to a 1.5-mL
microtube PCR and stored at —80 °C.

Serology test: The RPR test was used as a
nontreponemal test, and the TPHA test was used as a
treponemal test. The qualitative and quantitative RPR
test used a commercial kit (RPR AIM Cat. No E RPR
2; Germaine Laboratories, San Antonio, TX, USA)
according to the kit protocol. The positive results of the
RPR test showed smooth black to coarse blobs. If the
qualitative RPR shows a positive result, the quantitative
RPR test can proceed. All samples tested by RPR were
confirmed by TPHA tests using a commercial kit (TPHA
AIM Cat. No. TPHA E 100; Germaine Laboratories) in
accordance with existing protocols. TPHA qualitative
and quantitative tests were carried out simultaneously.
The positive results of the TPHA test showed
agglutination between the patient's serum containing
antibodies and the antigenic component of 7. pallidum
(Nichol's strain).

DNA extraction and multiplex nested PCR: DNA
extraction was performed using a High Pure PCR DNA
Template Preparation Kit (Roche, Basel, Switzerland)
according to the manufacturer’s instructions with
a final elute of 60 uL. DNA extraction results were
stored at —35°C until used. Multiplex nested PCR test
was performed in accordance with our previous report
(17,18). The first step of PCR used a pair of primers
to detect T. pallidum. In the second step, the PCR
used two pairs of primers to identify azithromycin-
resistant 7. pallidum based on mutations of A2058G
and A2059G. Oligonucleotide primer sequences used
in PCR-1 and PCR-2 can be seen in Table 1. The total
volume of PCR-1 was 20 uL, while that of PCR-2 was
20 puL. When amplification was complete, 10 pL of the
amplification products were separated using 3% agarose
gel electrophoresis with a 50-bp molecular mass
standard. Electrophoresis was performed at 100 volts
for 30-35 minutes, then stained with red staining gel
and visualized using UV light with GelDoc BioRad®.
The positive control used synthetic DNA with a length
of 194 bp, while the negative control was DNase free
water.

RESULTS

Specimens were collected from 220 patients
diagnosed with secondary syphilis in Indonesia based
on clinical symptoms. Redness and maculopapular
erythema were found in almost all parts of the body,
particularly on the palms and soles. Some patients also
had genital ulcers in the area of the shaft and dorsum
penis, which were isolated and painless to mildly
painful. Hair loss instances with moth-eaten alopecia
(alopecia syphilitica) and thinning eyebrows were
observed. Some patients also complained of mild visual
impairment, blurred vision, and condyloma lata.

In the first year of this study, multiplex PCR
and multiplex nested PCR tests were performed on
specimens collected in Jakarta, with tests completed on
all the remaining blood specimens in the second year
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Table 1. Oligonucleotide primer sequences used in nested multiplex PCR

Primer Sequence Product

PCR-1

Primer PCR IF  5'- CGA ATG GTG TAA CGA CTC TG -3' 20 mer
Primer PCR IR 5'- TTC ACT GTT GAC TCC GCC TA -3' 20 mer
PCR-2

Primer 2058F 5'-CGG TTA CCC ATA GTTAGA CAG G -3' 22 mer
Primer 2058R  5'- CTG TTG ACT CCG CCT AAC CT -3' 20 mer
Primer 2059F 5'-ACT CTG GAC ACT GTC TCG ACG -3' 21 mer
Primer 2059R  5'- GAT GAA GGT TCA CGG GGT ATC -3' 21 mer

of this study. Multiplex nested PCR test for 7. pallidum
using blood specimens showed positive results with
a 187-bp band on electrophoretic agarose gels. Of the
62 specimens from Jakarta, 22.6% carried 7. pallidum.
Azithromycin-resistant 7. pallidum were not detected in
any of the patients with HIV (53% of the total samples).

In the second year of this study, 158 specimens
were collected from patients diagnosed with secondary
syphilis in Indonesia. Specimens from western
Indonesia were collected from Medan and Bandung. In
the 33 specimens from Medan, azithromycin-resistant 7.
pallidum were detected, with 130-bp and 100-bp bands
on electrophoretic agarose gels (Fig. 1). There was no
history of azithromycin use and no recorded HIV status
among these patients.

Of the 32 specimens collected from Bandung, the
presence of T. pallidum was detected in one specimen
by multiplex nested PCR; the strain was not identified
as being resistant to azithromycin. Of the total number
of patients included in the study in this region, 65.6% of
patients had HIV.

Of the 33 specimens from Bali, 4 specimens indicated
the presence of 7. pallidum by multiplex nested PCR,
and 1 indicated the presence of azithromycin-resistant
T. pallidum. Visualization on electrophoretic agarose
gels showed that, among 39.4% of patients with HIV,
resistance to azithromycin was represented by a 130-bp
band, corresponding to the A2058G mutation.

In Makassar, specimens were collected from 60
patients. In 2 specimens, the presence of T. pallidum
was detected by multiplex nested PCR, and resistance
to azithromycin was demonstrated for both specimens.
Visualization on electrophoretic agarose gels showed
130-bp and 100-bp bands, representing A2058G and
A2059G mutations, respectively; 40% of the specimens
were obtained from patients with HIV.

DISCUSSION

Of the 220 patients from Indonesia diagnosed with
secondary syphilis, the majority of male patients were
MSM. This study is similar to another study conducted
on patients from Makassar, Indonesia, which also
reported a higher number of syphilis cases among MSM
(19). A previous study in six Indonesian cities reported
data indicating that MSM are at an elevated risk for HIV
infection in many low and middle-income countries
(20,21). There is a significant risk for an increasing
number of transmissions between syphilis and HIV
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K- K+ M 41 42 44 45 46 47 48 49 50

K+ M 20 21 22 23 24

TTAGA CGGIGGAGACCC TTAGACGG

Fig. 1. (Color online) Mutation analysis using multiplex nested
PCR. A. Results of agarose gel electrophoresis. The band at 187
bp indicates Treponema pallidum 23S rRNA gene (bacterial
detection), the band at 130 bp indicates A2058G mutation,
and the band at 100 bp indicates A2059G mutation. Sample
47 indicates mutation at both nucleotide positions 2058 and
2059, sample 50 indicates mutation at single nucleotide position
2058, whereas samples 21 and 22 indicate no mutation at both
nucleotide positions 2058 and 2059. Samples 20, 23, 24, 41-46,
48, and 49 show negative PCR results. M represents 50bp DNA
Ladder (from bottom to top: 100, 150, 200, 250—1000 bp). bp
means base pair. K+ and K- represent positive and negative
controls, respectively. B. Results of DNA sequencing for samples
47,50, and 21.

among MSM groups (19,22,23). Therefore, testing for
HIV should be prioritized in patients diagnosed with
syphilis in Indonesia, particularly among MSM groups.
This is a significant issue in Indonesia given that HIV
comprises a large, undiagnosed proportion nationally,
very low rates of people with HIV are on antiretroviral



Table 2. Serology test for Treponema pallidum

RPRD (%) TPHA? (%)

o ] Sexual status (%) PCR
Region in Indonesia
Hetero  Bisex  H/LY ) <14 >1:8 ®) <1:80 >1:160 (Hn
Western
Jakarta (62 patients)?
Male (59) 2 10 88 5 10 85 16 20 64 14
Female (3) 100 0 0 0 0 100 0 0 100 0
Medan (33 patients)®)
Male (21) 24 14 62 33 67 33 67 0
Female (12) 100 0 0 50 50 50 50 1
Bandung (32 patients)®
Male (29) 7 10 83 21 48 31 41 38 21 1
Female (3) 100 0 0 0 67 33 33 33 33 0
Middle part
Bali (33 patients)”
Male (28) 43 57 89 7 89 3
Female (5) 80 20 0 100 20 80 1
Eastern
Makassar (60 patients)®
Male (25) 48 52 24 24 52 24 40 36
Female (35) 100 0 66 28 6 66 31 3 0

: RPR, the rapid plasma reagin test.
2): TPHA, the Treponema pallidum hemagglutination test.
3): H/L, Homosexual/Lesbian.

9. 53% of them were HIV patients.

3): 18.2% of them were HIV patients.

6): 65.6% of them were HIV patients.

7):39.4% of them were HIV patients.

8

1 40% of them were HIV patients.
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therapy (ART), and data on those virally suppressed
through ART are limited.

Only a few laboratory tests can support definite
syphilis diagnoses. Serological examination is a
commonly used diagnostic test. Serological tests
can detect antibodies at all stages of syphilis and
are therefore used for a variety of purposes, such
as screening in low-risk populations (e.g., pregnant
women, blood donors), screening in high-risk
populations (e.g., HIV-AIDS and MSM population), and
diagnostic testing in patients with syphilis symptoms
and monitoring therapeutic responses. Nontreponemal
and treponemal tests for secondary syphilis using titers
in RPR and TPHA tests were equal or more than 1:8 and
1:160, respectively (Table 2). Based on serology tests,
the highest positive rates were found in Bali, followed
by Medan, Jakarta, Makassar, and Bandung.

In this study, the bacterial loads of 7. pallidum
detected by multiplex nested PCR were low compared
to those observed in the serological examination,
possibly because T. pallidum counts in the patient’s
blood were below the threshold of PCR detection.
Based on the results of published meta-analysis test, the
best PCR sensitivity value (78.4%) was obtained from
the examination of lesions in primary stage syphilis
(24). The best type of specimen is taken from the
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infection site, where the highest number of bacteria can
be sampled. In secondary stage syphilis, 7. pallidum
bacteria spreads from the primary infection site through
the blood to manifest on the skin. Due to the difficulty
of obtaining samples from skin lesions of secondary
syphilis patients, on account of the collection techniques
being invasive and causing discomfort to patients, blood
samples are the primary choice for PCR examinations.

The PCR sensitivity for secondary stage syphilis
using blood samples shows moderate values (24,25).
The low positive value of the T pallidum multiplex
nested PCR compared to serology tests suggests that
this method should not be used to rule out syphilis
diagnoses in patients presenting a clinical picture of
secondary syphilis. This method is more useful as a
confirmatory test, especially if paired with serological
tests that show uncertain results, as well as for
characterizing resistance.

Antibiotic resistance is accelerated by the misuse
and overuse of antibiotics, as well as poor infection
prevention and control. Since syphilis can cause
symptoms similar to many other diseases, an
undiagnosed patient can unconsciously transmit the
disease to their partners as well as to society (26,27).
Several patients possibly carrying syphilis (early—
primary/secondary syphilis in particular) might not
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have access to STI services and are likely to self-
treat by attending local pharmacies. Since often
pharmacists recommend oral antibiotic treatment such
as azithromycin (not IM penicillin), this could be a
potential factor causing azithromycin resistance. In this
study, although the majority of syphilis cases was found
in MSM, azithromycin resistance was found among
heterosexual males with HIV. Therefore, surveillance,
diagnosis, treatment, and contact tracing are necessary
for high-risk populations, such as MSM and their
partners.

In this study, azithromycin-resistant 7. pallidum were
detected and identified by multiplex nested PCR, using
23S rRNA with 3 pairs of primers. The A2058G and
A2059G mutations appear to be responsible for causing
resistance in all cases in Makassar and Medan. In Bali,
one in four specimens positive for 7. pallidum also
showed azithromycin resistance and presented with the
130 bp band on gel electrophoresis, representative of the
A2058G mutation. Azithromycin-resistant 7. pallidum
were not found in Jakarta and Bandung.

The discovery of T. pallidum resistance to
azithromycin in Makassar, representative of Eastern
Indonesia, and Medan, located in the westernmost part
of Indonesia, with the two-point mutation A2058G and
A2059G is very interesting. To my knowledge, this
form (both alleles in the same sample) has not been
found in any previous study. To date, resistant genomes
always contain either A2058G or A2059G (28). This is a
novel variant containing both the A2058G and A2059G
mutations found only in Indonesian samples. On the
other hand, azithromycin resistance genomes in Bali as
the representative of central Indonesia were the same
as those described in previous studies (i.e., one single
mutation in A2058G). Detection of resistant genomes
should be considered to evaluate the government policy
on using azithromycin as an alternative treatment for
syphilis cases in Indonesia.

In conclusion, multiplex nested PCR can increase
laboratory capabilities to support the clinical diagnosis
of syphilis as “the great imitator” as it may cause
symptoms similar to many other diseases. Azithromycin-
resistant 7. pallidum have been found in Indonesia,
as also reported in America, Europe, and Asia. The
azithromycin-resistant 7. pallidum in Indonesia appear
to be a novel variant of resistance, containing both
the A2058G and A2059G mutations, as found in
samples from Medan and Makassar. Therefore, special
consideration should be given to using azithromycin to
treat syphilis in Indonesia and worldwide.

Acknowledgments We thank the STI Clinic Cipto
Mangunkusumo Hospital, Puskesmas Pasar Rebo, Puskesmas
Tambora, PKBI Pro Care Clinic Jatinegara, and also STI clinics
in Medan, Bandung, Bali, Makassar for all their assistance and
cooperation in this study. Our deepest appreciation is extended
to our dedicated team from the Faculty of Medicine Universitas
Indonesia-Cipto Mangunkusumo hospital and Trisakti
University-Jakarta, Medical Faculty University of Sumatera
Utara-Medan, Hasan Sadikin Hospital-Medical Faculty
Padjadjaran University-Bandung, Medical Faculty University of
Udayana-Sanglah Hospital-Bali, and Medical Faculty University
of Hasanuddin-Makassar. This study was funded by Hibah PUPT
of the Directorate of Higher Education Indonesia 2015-2016.

359

Conflict of interest None to declare.

10.

11.

12.

14.

15.

16.

17.

18.

19.

REFERENCES

. World Health Organization (WHO). Global incidence

and prevalence of selected curable sexually transmitted
infections—2008. WHO Library Cataloguing-in-Publication Data.
Geneva: WHO; 2012. Available at <https://apps.who.int/iris/
bitstream/handle/10665/75181/9789241503839 eng.pdf;jsessioni
d=547AA5BF11D10A7ESFSEFF6ED2D06510?sequence=1>.

. Majid N, Bollen L, Morineau G, et al. Syphilis among female sex

workers in Indonesia: need and opportunity for intervention. Sex
Transm Infect. 2010;86:377-383.

. Tramont EC. Treponema pallidum (syphilis). In: Bennett JE,

Dolin R, Blaser MJ, editors. Mandell, Douglas, and Bennett's
Principles and Practice of Infectious Diseases. 8th ed.
Philadelphia, PA: Elsevier Saunders; 2015. p. 3035-3055.

. Park 1U, Fakile YF, Chow JM, et al. Performance of Treponemal

Tests for the Diagnosis of Syphilis. Clin Infect Dis. 2019;68:913-
918.

. Sanchez MR. Sexually Transmitted Diseases. In: Wolff K,

Goldsmith LA, Katz SI, Gilchrest BA, Pallen AS, and Leffell DJ,
editors. Fitzpatrick's Dermatology in General Medicine. 7th ed.
New York, USA: McGraw-Hill; 2007. p. 1955-1977.

. Turner AJL. Treponemes. In: Gillespie SH, Hawkey PM,

editors. Principles and Practice of Clinical Bacteriology. 2nd ed.
Chichester, UK: John Wiley & Sons, Ltd; 2006. p. 503-510.

. Soreng K, Levy R, Fakile Y. Serologic Testing for Syphilis:

Benefits and Challenges of a Reverse Algorithm. Clin Microbiol
Newsl. 2014;36:195-202.

. Tipple C, Hanna MOF, Hill S, et al. Getting the measure of

syphilis: gPCR to better understand early infection. Sex Transm
Infect. 2011;87:479-485.

. Gayet-Ageron A, Combescure C, Lautenschlager S, et al.

Comparison of the diagnostic accuracy of PCR targeting the
47-kilodalton protein membrane gene of Treponema pallidum and
PCR tergeting the DNA polymerase I gene: systematic review
and meta-analysis. J Clin Microbiol. 2015;53:3522-3529.
Workowski KA, Bolan GA. Syphilis. In: Sexually Transmitted
Diseases Treatment Guidelines, 2015. MMWR Morb Mortal
Wkly Rep. 2015;64:34-51. Available at <https://www.cdc.gov/
mmwr/pdf/rr/rr6403.pdf>.

Ministry of Health Republic of Indonesia, Directorate General of
Disease Control and Environmental Health. Syphilis management
guidelines for syphilis control in primary health care. Jakarta.
2013. Available at <https://www.dinkes.pulangpisaukab.
20.1d/2018/01/24/pedoman-tata-laksana-sifilis-untuk-
pengendalian-sifilis-di-layanan-kesehatan-dasar-2017>. New
edition 2017. Indonesian language.

Riedner G, Rusizoka M, Todd J, et al. Single-dose azithromycin
versus penicillin G benzathine for the treatment of early syphilis.
N Engl J Med. 2005;353:1236-1244.

. Hook EW 3rd, Behets F, Van Damme K, et al. A phase III

equivalence trial of azithromycin versus benzathine penicillin for
treatment of early syphilis. J Infect Dis. 2010;201:1729-1735.
Workowski KA, Bachmann LH, Chan PA, et al. Sexually
transmitted Infections Treatment Guidelines, 2021. MMWR
Morb Mortal Wkly Rep. 2021;70:1-192. Available at <https://
www.cdc.gov/std/treatment-guidelines/STI-Guidelines-2021.
pdf>.

Pandori MW, Gordones C, Castro L, et al. Detection of
azithromycin resistance in Treponema pallidum by real-time
PCR. Antimicrob Agents Chemother. 2007;51:3425-3430.
Lukehart SA, Godornes C, Molini BJ, et al. Macrolide resistance
in Treponema pallidum in the United States and Ireland. N Engl J
Med. 2004;351:154-158.

Gultom DA, Rosana Y, Effendi I, et al. Detection and
identification of azithromycin resistance mutations on Treponema
pallidum 23S rRNA gene by nested multiplex polymerase chain
reaction. Med J Indones. 2017;26:90-96.

Effendi I, Rosana Y, Yasmon A, et al. Multiplex nested
polymerase chain reaction for Treponema pallidum using
blood is more sensitive than using serum. Universa Medicina.
2018;37:75-84.

Kusumawaty M, Djawad K, Massi, MN, et al. Sero-epidemiology
and risk factors of syphilis in Makassar, Indonesia. Serbian



20.

21.

22.

23.

24.

Journal of Dermatology and Venereology. 2019;11:43-49.
Morineau G, Nugrahini N, Riono P, et al. Sexual risk taking, STI
and HIV prevalence among men who have sex with men in six
Indonesian cities. AIDS Behav. 2011;15:1033-1044.

Baral S, Sifakis F, Cleghorn F, et al. Elevated risk for
HIVinfection among men who have sex with men in low- and
middle-income countries 2000-2006: a systematic review. PLoS
Med. 2007;4:e339.

Arando M, Naval CF, Foix MM, et al. Early syphilis: risk factors
and clinical manifestations focusing on HIV-positive patients.
BMC Infect Dis. 2019;19:727.

Wahab AA, Rahman MM, Mohammad M, et al. Case series of
syphilis and HIV co-infections. Pak J Med Sci. 2013;29:856-858.
Gayet-Ageron G, Lautenschlager S, Ninet B, et al. Sensitivity,

360

25.

26.

27.

28.

specificity and likelihood ratios of PCR in the diagnosis of
syphilis: a systematic review and meta-analysis. Sex Transm
Infect. 2013;89:251-256.

Gayet-Ageron G, Ninet, B., Toutous-Trellu L, et al. Assessment
of a real-time PCR test to diagnose syphilis from diverse
biological samples. Sex Transm Infect. 2009;85:264-269.

Cruz AR, Pillay A, Zuluaga AV, et al. Secondary syphilis in Cali,
Colombia: new concepts in disease pathogenesis. PLoS Negl
Trop Dis. 2010;4:¢690.

Ho EL, Lukehart SA. Syphilis: using modern approaches to
understand an old disease. J Clin Invest. 2011;121:4584-4592.
Beale MA, Marks M, Sahi SK, et.al. Genomic epidemiology of
syphilis reveals independent emergence of macrolide resistance
across multiple circulating lineages. Nat Commun. 2019;10:3255.



AZT Indonesia 2022

by Ida Effendi FK

Submission date: 04-Mar-2024 09:38AM (UTC+0700)

Submission ID: 2310765175

File name: ,_Effendi_I._Detectio_A2058_2059_Indonesia._75_JJID.2021.738.pdf (707.18K)
Word count: 4229

Character count: 22986



Jpn. J. Infect. Dis., 75, 355-360, 2022

Original Article

Detection of A2058G and A2059G on the 23S rRNA Gene by Multiplex Nested

PCR to Identify Treponema pallidum Resistance to Azithromycin in Indonesia

Yeva Rosana'®, Andi Yasmon', Wresti [ndriatmi®, Ida Effendi®*, Raden Lia Kusumawati®, Rasmia Rowawi®,

Sunarjati Sudigdoadi’, Gita Widya Pradini’, Anak Agung Gde Putra Wiraguna®, Ni Made Dwi Puspawati®,
Maryam Kusumawaty”, and Muhammad Nasrum Massi'®

'Department of Microbiology and *Department of Dermato-Venereology, Medical Faculty Universitas Indonesia
- Cipmmanmkusumo Haspital, Jakarta;
3Clinical Microbiologist Program, Faculty of Medicine, Universitas Indonesia, Jakarta,
!Department of Microbiology, Faculty of Medicine, Trisakti University, Jakarta;

*Depariment of Microbiology, Medical Faculty University of Sumatera Uf@a, Medan;
SDepartment of Dermato-Venereology, Hasan Sadikin Hospital, and "Microbiology Division, Department of
Biomedical Science, Faculty of Medicine, Universitas Padjadjiaran, Bandung;
8Department of Dermato-Venereology, Medical Faculty University of Udayana-Sanglah Hospital, Bali; and
“Depariment of Dermato-Venereology and
"Department of Microbiology, Medical Faculty University of Hasanuddin, Makassar, Indonesia

ABSTRACT: Azithromycin is an antibiotic used to treat syphilis, especially in the context of penicillin
allergyBA Ithough resistance to azithromycin has been widely reported to be associated with one-fhd/
or two-point mutations on the 238 rRNA gene, it has yet to be described in Indonesia. Specimens were
collected from 220 patients diagnosedfwith secondary syphilis. A multiplex nested polymerase chain
reaction (PCR) testing system using the 23S rRNA target gene of Treponema pallidum was designed
using three primer pairs. The first step involved the use of PCR primer pairs to detect T. pallidum. In
the secon , two PCR primer pairs were constructed to identify azithromycin-resistant T. pallidum
based on A2058G and A2059G point mutations. 7. pallidum detected in samples from Jakarta or
Bandung were not resistant to azithromycin. However, azithromycin-resistant 7. pallidum were found in
samples from Makassar, Medan, and Bali. Specimens from heterosexual males and patients with HIV
accounted for the majority of azithromycin resistance noted in the study. This study demonstrated that
the azithromycitdesistant 7" pallidum detected in Indonesia appear to be a novel variant of resistance,
containing both the A2058G and A2059G mutations found in Medan and Makassar.

TRODUCTION among direct and indirect female sex workers (FSWs) in

Indonesia was reported as 7.5% and 3.1%. respectively.
Syphilis is a complex, sexually transmitted disease =~ Moreover, an increasing prevalence was found among
with diverse clinical manifestations. According to World ~ brothel-based FSWs from 7.8% to 14.5% in 2005-2007
Health Organization data in 2005 and 2008, there was  (2). A problem in diagnosing syphilis is the incapability
an increase in the prevalence of syphilis in Southeast  of Treponema pallidum to be cultured outside the
Asian countries, from 1.37% to 6.1% in women and  human body; this impairs the ability to detect and
1.25% to 6.3% in men (1). The prevalence of syphilis  identify T pallidum and makes it difficult to determine
the antibiotic sensitivity pattern (1,3-5).

[ERceived October 30, 2021. Accepted December 9, 2021. The most commonly used diagnostic test for syphilis
J-STAGE Advance Publication December 28, 2021. is a nontreponemal serological examination followed
DOI: 10.7883 fyoken.JJID.2021.738 by a treponemal confirmation test (5-7). To minimize
EB}responding author: Mailing address: Department of ~ false positive and ndltive results in serological

Microbiology, Medical Faculty Universitas Indonesia examinations, such as rapid plasma reagin (RPR) and
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Jakarta 10320, Indonesia. Tel: +62 3160492, Fax: +62  symptoms, molecular methods such as polymerase
3100810, E-mail: yeva.rosana@ui.ac.id chain reaction (PCR) having suitable sensitivity
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and specificity to detect T pallidum in primary
and secondary syphilis as well as the potential to
simultaneously identify antibiotic-resistance T. pallidum
have been used (7-9).

Syphilis treatment has evolved since the discovery
of penicillin. Penicillin-based regimens remain the
standard treatment for syphilis at all stages (5,10).
Recommended penicillin regimens include deep
intramuscular preparations, which patients may refuse
and could yield a Jarisch-Herxheimer reaction. The risk
of needlestick injuries also exists for medical personnel.
Moreover, allergic reactions could cause anaphylactic
shock, which may lead to death. Finally, penicillin
desensitization may not be available and could cause
delays in treatment.

In Indonesia, macrolide antibiotics are used as an
alternative to penicillin for syphilis treatment, according
to the sexually transmitted infections (STIs) treatment
manual by the Ministry of Health of 2012 (11). Oral
administration of azithromycin is an alternative
treatment that has been shown to have similar efficacy
to penicillin (12,13). The benefits and ease of oral
administration, suitable tissue penetration, minimal side
effects, and long half-life (68 hours) make azithromycin
one of the most widely used macrolide antibiotics
in the treatment of syphilis. Azithromycin treatment
failure is reported predominantly in patients with HIV,
first described in San Francisco in 2002. Since then,
azithromyecin resistance has been reported in multiple
settings, including the Americas, Europe, and Asia
(14-16). To our knowledge, there are no reportsEdf
azithromycin resistance in Indonesia. To determine the
prevalence of T. pallidum resistance to azithromycin in
Indonesia, we useffla multiplex nested PCR molecular
method to detect A2058G and A2059G mutations of
T pallidum on the 2 rRNA gene, which have been
widely reported to be responsible for the resistance of 7.
pallidum to azithromycin worldwide.

MATERIALS AND METHODS

Study population: This study was carried out over
two years. Blood samples were collected from 220
patients over the study period. In the first year, samples
were taken from 62 patients from 4 STIs Clinic in
Jakarta (Ciptomangunkusumo Hospital, Jatinegara
Clinic, community health centers in Pasar Rebo and
Tambora). Optimization of all PCR parameters to
obtain optimal reaction conditions was carried out in
the first year of study and has been tested using all
clinical samples. In the second year, this PCR system
method was tested on 158 clinical samples, including
33 clinical samples from Medan and 32 clinical samples
from Bandung representing Western Indonesia, 33
clinical samples from Bali representing the middle part
of Indonesia, and 60 clinical samples frorffIMakassar
representing Eastern Indonesia. This study was
approved by the Ethical Committee of the Hospital and
Faculty of Medicine University of Indonesia (no: 158/
UN2.FI/ETIK/2015), and all patients gave their written
consent before enrollment in the study.

Clinical specimens: A pair of venous blood samples
were collected as clinical specimens without and with
EDTA anticoagulant. After arriving at the laboratory,
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blood @ hples from the tube with EDTA anticoagulant
were transferred to a 1.5-mL microtube PCR and
stored at —80 fB) Blood samples from tubes without
anticoagulants were centrifuged §F3.500 rpm for 10 min
to obtain serum. The serum was transferred to a 1.5-mL
microtube PCR and stored at —80 °C.

Serology test: The RPR test was used as a
nontreponemal test, and the TPHA test was used as a
treponemal@@st. The qualitative and quantitative RPR
test used a commercial kit (RPR AIM Cat. No E RPR
2; Germaine Laboratories, San Antonio, TX, USA)
according to the kit protocol. The positive results of the
RPR test showed smooth black to coarse blobs. If the
qualitative RPR shows a positive result, the quantitative
RPR test can proceed. All samples tested by RPHZvere
confirmed by TPHA tests using a commercial kit (TPHA
AIM Cat. No. TPHA E 100; Germaine Laboratories) in
accordance with existing protocols. TPHA qualitative
and quantitative tests were catried out simultaneously.
The positive results of the TPHA test showed
agglutination between the patient's serum containing
antibodies and the antigenic component of T. pallidum
(Nichol's strain).

DNA extraction and mulﬁplennested PCR: DNA
extraction was performed using a High Pure PCR DNA
Template Preparation Kit (Roche, Basel, Switzerland)
according to the manufacturer’s instructions with
a final elute of 60 pL. DNA extraction results were
stored at —35°C until used. Multiplex nested PCR test
was performed in accordance with our previous report
(17,18). The first step of PCR used a pair of primers
to detect 7. pallidum. In the second step, the PCR
used two pairs of primers to identify azithromycin-
resistant 1. pallidum based on mutations of A2058G
and A2059G. Oligonucleotide primer sequences used
in PCR-1 and PCR-2 can be seen in Table 1. The total
volume of PCR-1 was 20 pL, while that of PCR-2 was
20 uL. When amplification was complete, L of the
amplification products were separated using 3% agarose
gel electrophoresis with a 50-bp molecular mass
standard. Electrophoresis was performed at 100 volts
for 30-35 minutes, then stained with red staining gel
and visualized using UV light with GelDoc BioRad®.
The positive control used synthetic DNA with a length
of 194 bp, while the negative control was DNase free
water.

RESULTS

Specimens were collected from 220 patients
diagnosed with secondary syphilis in Indonesia based
on clinical symptoms. Redness and maculopapular
erythema were found in almost all parts of the body,
particularly on the palms and soles. Some patients also
had genital ulcers in the area of the shaft and dorsum
penis, which were isolated and painless to mildly
painful. Hair loss instances with moth-eaten alopecia
(alopecia syphilitica) and thinning eyebrows were
observed. Some patients also complained of mild visual
impairment, blurred vision, and condyloma lata.

In the first year of this study, multiplex PCR
and multiplex nested PCR tests were performed on
specimens collected in Jakarta, with tests completed on
all the remaining blood specimens in the second year
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Table 1. Oligonucleotide primer sequences used in nested multiplex PCR

Primer Sequence Product
PCR-1
Primer PCR IF  5'- CGAATG GTG TAACGACTC TG -3' 20 mer
Primer PCR IR 5'-TTC ACT GTT GAC TCC GCC TA -3’ 20 mer
PCR-2

Primer 2058F 5'-CGG TTACCC ATAGTTAGA CAG G-3' 22 mer
Primer 2058R 5'- CTG TTG ACT CCG CCTAACCT -3 20 mer
Primer 2059F 5'-ACT CTG GACACTGTC TCGACG -3' 21 mer
Primer 2059R  5'- GAT GAA GGT TCA CGG GGTATC -3' 21 mer

of this study. Multiplex nested PCR test for T pallidim
using blood specimens showed positive results with
a 187-bp band on electrophoretic agarose gels. Of the
62 specimens from Jakarta, 22.6% carried T. pallidum.
Azithromycin-resistant 7' pallidum were not detected in
any of the patients with HIV (53% of the tot4flamples).

In the second year of this study, 158 specimens
were collected from patients diagnosed with secondary
syphilis in Indonesia. Specimens from western
Indonesia were collected from Medan and Bandung. In
the 33 specimens from Medan, azithromycin-resistant 7.
pallidum were detected, with 130-bp and 100-bp bands
on electrophoretic agarose gels (Fig. 1). There was no
history of azithromycin use and no recorded HIV status
among these patients.

Of the 32 specimens collected from Bandung, the
presence of 7 pallidum was detected in one specimen
by multiplex nested PCR; the strain was not identified
as being resistant to azithromycin. Of the total number
of patients included in the study in this region, 65.6% of
patients had HI'V.

Of the 33 specimens from Bali, 4 specimens indicated
the pr@Bhee of T pallidum by multiplex nested PCR,
and 1 indicated the presence of azithromycin-resistant
T pallidum. Visualization on electrophoretic agarose
gels showed that, among 39.4% of patients with HIV,
resistance to azithrom was represented by a 130-bp
band, corresponding to the A2058G mutation.

In Makassar, specimens were collected from 60
patients. In 2 specimens, the presence of T. pallidum
was detected by multiplex nested PCR, and resistance
to azithromycin was demonstrated for both specimens.
EBsualization on electrophoretic agarose gels showed
130-bp and 100-bp bands, representing A2058G and
A2059G mutations, respectively; 40% of the specimens
were obtained from patients with HIV.

DISCUSSION

Of the 220 patients from Indonesia diagnosed with
secondary syphilis, the majority of male patients were
MSM. This study is similar to another study conducted
on patients from Makassar, Indonesia, which also
reported a higher number of syphilis cases among MSM
(19). A previofdstudy in six Indonesian cities reported
data indicating that MSM are at an elevated risk for HIV
infection in many low and middle-income countries
(20,21). There is a significant risk for an increasing
number of transmissions between syphilis and HIV

K- K+ M 41 42 44 45 46 47 48 49 50

K- K+ M 20 21 22 23 24

Fig. 1. (Color online) Mutation analysis using multiplex nend
PCR. A. Results of agarose gel electrophoresis. The band at 187
bp indicates Treponema pallidum 238 rRNA gene (bacterial
detection), the band at 130 bp indicates A2058G mutation,
and the band at 100 bp indicates A2059G mutation. Sample
47 indicates mutation at both nucleotide positions 2058 and
2059, sample 50 indicates mutation at single nucleotide position
2058, whereas samples 21 and 22 indicate no mutation at both
nucleotide positions 2058 and 2059. Samples 20, 23, 24, 41-46,
48, and 49 show negative PCR results. M represents 50bp DNA
Ladder (from bottom to top: 100, 150, 200, 250-1000 bp). bp
means base pair. K+ and K- represent positive and negative
controls, respectively. B. Results of DNA sequencing for samples
47,50, and 21.

among MSM groups (19,22,23). Therefore, testing for
HIV should be prioritized in patients diagnosed with
syphilis in Indonesia, particularly among MSM groups.
This is a significant issue in Indonesia given that HIV
comprises a large, undiagnosed proportion nationally,
very low rates of people with HIV are on antiretroviral
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Table 2. Serology test for Treponema pallidum

o ) Sexual status (%) RPRY (%) TPHA? (%) PCR
Region in Indonesia
Hetero  Bisex  H/LY () <14 =18 () =180 =160 (N
Westemn
Jakarta (62 patients)*
Male (59) 2 10 88 5 10 85 16 20 64 14
Female (3) 100 0 0 0 0 100 0 0 100 0
Medan (33 patients)”
Male (21) 24 14 62 33 0 67 33 0 67 0
Female (12) 100 0 0 50 0 50 50 0 50 1
Bandung (32 patients)”
Male (29) 7 10 83 21 48 31 41 38 21 |
Female (3) 100 0 0 0 67 33 33 33 33 0
Middle part
Bali (33 patients)”
Male (28) 43 0 57 7 4 89 7 89 3
Female (5) 80 ] 20 0 ] 100 20 80 1
Eastern
Makassar (60 patients)®
Male (25) 48 0 52 24 24 52 24 40 36 2
Female (35) 100 0 0 66 28 6 66 31 3 0

: RPR, the rapid plasma reagin test.

: TPHA, the Treponema pallidum hemagglutination test.
3: H/L, Homosexual/Le shian.

: 53% of them were HIV patients.

%) 18.2% of them were HIV patients.

: 65.6% of them were HIV patients.

7): 39.4%, of them were HIV patients.

#): 40% of them were HIV patients.

therapy (ART), and data on those virally suppressed
through ART are limited.

Only a few laboratory tests can support definite
syphilis diagnoses. Serological examination is a
commonly used diagnostic test. Serological tests
can detect antibodies at all stages of syphilis and
ardfferefore used for a variety of purposes, such
as screening in low-risk populations (e.g., pregnant
women, blood donors), screening in high-risk
populations (e.g., HIV-AIDS and MSM population), and
diagnostic testing in patients with syphilis symptoms
and monitoring therapeutic responses. Nontreponemal
and treponemal tests for secondary syphilis using titers
in RPR and TPHA tests were equal or more than 1:8 and
1:160, respectively (Table 2). Based on serology tests,
the highest positive rates were found in Bali, followed
by Medan, Jakarta, Makassar, and Bandung.

In this study, the bacterial loads of 7. pallidum
detected by multiplex nested PCR were low compared
to those observed in the serological examination,
possibly because T. pallidum counts in the patient’s
blood were below the threshold of PCR detection.
Based on the results of published meta-analysis test, the
best PCR sensitivity value (78.4%) was obtained from
the examination of lesions in primary stage syphilis
(24). The best type of specimen is taken from the
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infection site, where the highest number of bacteria can
be sampled. In secondary stage syphilis, T pallidum
bacteria spreads from the primary infection site through
the blood to manifest on the skin. Due to the difficulty
of obtaining samples from skin lesions of secondary
syphilis patients, on account of the collection techniques
being invasive and causing discomfort to patients, blood
samples are the primary choice for PCR examinations.

The PCR sensitivity for secondary stage syphilis
using blood samples shows moderate values (24,25).
The low positive value of the 7' pallidum multiplex
nested PCR compared to serology tests suggests that
this method should not be used to rule out syphilis
diagnoses in patients presenting a clinical picture of
secondary syphilis. This method is more useful as a
confirmatory test, especially if paired with serological
tests that sh uncertain results, as well as for
characterizing resistance.

Antibiotic resistance is accelerated by the misuse
and overuse of antibiotics, as well as poor infection
prevention and control. Since syphilis can cause
symptoms similar to many other diseases, an
undiagnosed patient can unconsciously transmit the
disease to their partners as well as to society (26,27).
Several patients possibly carrying syphilis (early—
primary/secondary syphilis in particular) might not
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have access to STI services and are likely to self-

treat by attending local pharmacies. Since often  Conflict of interest None to declare.

pharmacists recommend oral antibiotic treatment such
as azithromycin (not IM penicillin), this could be a
potential factor causing azithromycin resistance. In this
study, although the majority of syphilis cases was found
in MSM, azithromycin resistance was found among
heterosexual males with HIV. Therefore, surveillance,
diagnosis, treatment, and contact tracing are necessary
for high-risk populations, such as MSM and their
partners.

In this study, azithromycin-resistant T. pallidum were

[S]

detected and identified by multiplex nested PCR, using 3.

23S rRNA with 3 pairs of primers. The A2058G and
A2059G mutations appear to be responsible for causing

resistance in all cases in Makassar and Medan. In Bali, 4.

one in four specimens positive for 7. pallidum also
showed azithromycin resistance and presented with the
130 bp band on gel electrophoresis, representative of the
A2058G mutation. Azithromycin-resistant 7. pallidum
were not found in Jakarta and Bandung.

The discovery of T. pallidum resistance to 6.

azithromycin in Makassar, representative of Eastern
Indonesia, and Medan, located in the westernmost part 7
of Indonesia, with the two-point mutation A2058G and
A2059G is very interesting. To my knowledge, this
form (both alleles in the same sample) has not been
found in any previous study. To date, resistant genomes
always contain either A2058GE} A2059G (28). This is a 9
novel variant containing both the A2058G and A2059G
mutations found only in Indonesian samples. On the
other hand, azithromycin resistance genomes in Bali as

the representative of central Indonesia were the same |,
as those described in previous studies (i.e., one single
mutation in A2058G). Detection of resistant genomes
should be considered to evaluate the government policy
on using azithromycin as an alternative treatment for
syphilis cases in [ndonesia.

In conclusion, multiplex nested PCR can increase
laboratory capabilities to support the clinical diagnosis
of syphilis as “the great imitator” as it may cause
symptoms similar to many other diseases. Azithromycin- |,
resistant 7. pallidum have been found in Indonesia,
as also reported in America, Europe, and Asia. The

azithromycin-resistant 7. pallidum in Indonesia appear 13-

be a novel variant of resistance, containing both

the A2058G and A2059G mutations, as found in 4
samples from Medan and Makassar. Therefore, special
consideration should be given to using azithromycin to

treat syphilis in Indonesia and worldwide.
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