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We investigated Treponema pallidum PCR positivity at
mucosal sites (oral, anal, and vaginal sites) among adults
who had sexual contact with a person with syphilis (syphi-
lis contacts). All syphilis contacts had oral rinse and swab
samples collected for testing. Men who have sex with men
had anal swab and women had vaginal swab samples col-
lected for testing, regardless of the presence of lesions.
Of 407 persons tested, 42 (10%) had early syphilis diag-
nosed; of those, 19 (45%) tested positive by PCR from any
anatomic site and had a positive serologic test. T. pallidum
was positive from vaginal samples in 3 women, anal sam-
ples in 3 men, and oral cavity samples in 2 women and
3 men, without symptoms at those sites. Three women
had no prior syphilis serologic test. T. pallidum detection
at asymptomatic mucosal sites suggests early syphilis in-
fections, particularly in cases that would conventionally be
staged as latent syphilis of unknown duration.

yphilis, caused by Treponema pallidum, results in

substantial disease and death if left untreated. The
World Health Organization (WHO) estimated a global
burden of 6 million new syphilis infections in 2018, and
syphilis remains a major public health challenge (1).
High incidence of syphilis continues to persist among
men who have sex with men (MSM) in high-income
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countries (2,3). Increases in syphilis among hetero-
sexual populations and congenital syphilis have also
been reported in many countries, including Austra-
lia (4). Early detection and treatment are essential in
reducing the infectious period and transmission. De-
veloping interventions aimed at improving syphilis
control, including methods that can detect syphilis
infection as early as possible, is essential.

To identify early syphilis infection, persons who
are atrisk for syphilis infection should undergo screen-
ing. The conventional method for syphilis screening
involves serologic testing, which consists of detecting
T. pallidum antibodies by using T. pallidum-specific
and nonspecific tests (5,6). However, a challenge with
this method is the window period between the infec-
tion onset and the appearance of antibodies in very
early syphilis, which can lead to a negative serologic
result during that period, causing the infection to go
undetected. Moreover, the sensitivity and specific-
ity of T. pallidum-specific and -nonspecific serologic
tests for syphilis vary by stages of infection (7,8). For
example, T. pallidum-nonspecific tests are less sensi-
tive in detecting primary syphilis (62%-78%) than in
detecting secondary syphilis (97%-100%) (7). T. palli-
dum-specific tests such as immunoassays have a wide
range of sensitivities for detecting primary syphilis
(78%-96%), varying according to the specific immu-
noassay used (9). Furthermore, those T. pallidum-
specific immunoassays demonstrate persistent pres-
ence of treponemal antibodies in patients previously
treated for syphilis (9), which can sometimes pose
challenges in identifying a very early new syphilis in-
fection when treponemal antibodies are present and
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T. pallidum-nonspecific tests are nonreactive. There-
fore, laboratory methods that can enhance detection
of very early syphilis infections are needed.

Nucleic acid amplification tests (NAATs) such
as PCR for T. pallidum have been shown to be high-
ly sensitive for the detection of primary syphilis
lesions (10-14), showing sensitivity ranging from
80% to 95% (13-17). Recent studies have shown T.
pallidum is detectable by PCR not only from prima-
ry syphilis lesions at genital sites but also from oth-
er sites and sample types, including the anal canal,
oral cavity, saliva, and urine (14,18-23). A study
from the Netherlands detected T. pallidum by PCR
in various mucosal tissues and body fluids in the
early stages of syphilis, even in the absence of le-
sions (20). Those findings indicate that PCR can de-
tect T. pallidum in the early stages of syphilis, with
or without lesions at various mucosal sites. Conse-
quently, PCR may be useful in detecting syphilis in
asymptomatic persons at high risk before serocon-
version takes place.

In this study, we undertook PCR testing for T. pal-
lidum from adults who reported sexual contact with a
person with syphilis by using oral, vaginal, and anal
samples, even when symptoms and signs of syphilis
were not reported from those sites. We hypothesized
that some of those persons would have very early
syphilis infection and T. pallidum would be detectable
from those sites in the absence of lesions. We sought
to determine whether PCR detection at those loca-
tions might precede the appearance of syphilis anti-
bodies on serologic testing.

Methods

In this cross-sectional study, we included men and
women who reported sexual contact with a person
with syphilis infection (hereafter, syphilis contacts),
provided consent to having PCR testing for syphi-
lis, and visited the Melbourne Sexual Health Centre
(MSHC) during November 2018-March 2020. The
study was approved by the Alfred Hospital Eth-
ics Committee, Melbourne, Australia (project no.
474/18). MSHC is a public sexual health and HIV
clinic in the state of Victoria, Australia, and provides
~50,000 consultations/year. The clinic has an elec-
tronic medical record system that stores demographic
and epidemiologic data.

Clients seeking care at the clinics were evaluated
by a nurse after their registration. The nurse typically
collects a brief account of the clients’ current condition
and adds this information to their medical records be-
fore assigning them to healthcare professionals. Per-
sons who had been in sexual contact with someone
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diagnosed with syphilis were identified on the ba-
sis of their own report. Those persons were notified
about their exposure through either anonymous text
messages or direct communication from the persons
who had been in contact with them.

Contacts of syphilis were provided with a plain-
language participant information sheet explaining
PCR testing from mucosal sites. Verbal consent was
obtained from those who agreed to have the T. pal-
lidum PCR tests from the mucosal sites. The clinicians
collected oral swab samples (all participants), anal
swab samples (MSM only), and vaginal swab samples
(women only) by using the Universal Transport Me-
dium swab (Copan ltalia, https:/ /www.copangroup.
com) for T. pallidum PCR testing. Participants also
self-collected an oral rinse by gargling 10 mL of sterile
water for T. pallidum PCR (i.e., mucosal screening PCR
tests). T. pallidum PCR testing also was performed on
swab samples taken from any syphilis lesions present
(i-e., lesion PCR tests).

Participants who reported having symptoms sug-
gestive of syphilis, such as anogenital or oral lesions,
were examined by the clinician at the respective sites,
and swab samples were taken from any lesion for
T. pallidum PCR testing. Vaginal examinations were
performed by using speculum if a woman reported
any genital lesions or symptoms, and anoscopic ex-
amination was performed where a participant report-
ed an anorectal lesion. Whether or not a participant
required vaginal speculum or anoscopic examina-
tion was a decision made by the clinician on clinical
grounds. We collected data on clinical examination
findings retrospectively.

All participants had syphilis serologic testing
performed and were offered syphilis treatment with
intramuscular benzathine penicillin (2.4 mU single
dose) or doxycycline (100 mg 2x/d for 2 weeks) for
those with penicillin allergy. The participants were
offered routine chlamydia and gonorrhea testing ac-
cording to sexual transmitted infection (STI) testing
guidelines depending on their sexual risk (25,26). If
persons were diagnosed with syphilis infection and
considered to have latent syphilis of unknown dura-
tion, they were asked to return for further treatment
with a total of 3 doses of weekly benzathine penicil-
lin (or 4 weeks of doxycycline for those with penicil-
lin allergy).

We defined MSM as men who have sex with men
or with transwomen and bisexual as either men or
women who had sex with both men and women (in-
cluding transgender persons). We defined heterosex-
ual as either men or women who had sex only with
the opposite sex. We defined sexuality on the basis of
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self-reported sexual practice in the last 12 months and
not on sexual identity.

E.T.A. reviewed medical records to capture infor-
mation on types of partners (regular vs. casual), type
of sex (anal, vaginal, or oral sex), condom use (con-
domless vs. with condoms), and signs and symptoms
of syphilis at consultation. The information on types
of partners was self-reported, and no formal defini-
tion of regular and casual partners was used in the
study. Some participants might have defined regular
partners as romantic partners (e.g., boyfriends or hus-
bands) or casual sexual partners as regular contacts
without romantic attachment (24).

Laboratory Methods

We tested specimens at the Victorian Infectious Dis-
eases Reference Laboratory (VIDRL; Melbourne,
VIC, Australia), by using a TagMan real-time PCR
(ThermoFisher, https:/ /www.thermofisher.com) tar-
geting the polA gene of T. pallidum (15). We extract-
ed DNA by using the Quick DNA/RNATM Mag-
Bead Extraction kit (Zymo Research, https://www.
zymoresearch.com) on the Tecan Freedom EVO 100
automated system (Tecan, https://lifesciences.tecan.
com). The PCR was designed at VIDRL by using the
Primer Express software program (ThermoFisher,
https:/ /www .thermofisher.com), and the details of
the T. pallidum PCR testing are described elsewhere
(15). For a positive T. pallidum PCR sample, we re-
ported a cycle threshold, which reflects the amount of
nucleic acid in the sample.

We assessed serologic testing for syphilis by
using a chemiluminescence immunoassay (CLIA)
(DiaSorin, https://www.diasorin.com) and then
confirmed results by using T. pallidum Particle Ag-
glutination assay (TPPA) (https://www.fujirebio.
com) and Rapid Plasma Reagin (RPR) (Becton Dick-
inson, https:/ /www.bd.com). We performed routine
screening for chlamydia and gonorrhea with NAAT
by using Hologic Panther System Aptima Combo 2
assay (Hologic https://www.hologic.com) on the
urine samples, vaginal swab samples, pharyngeal
swab samples, and anal swab samples. We performed
those screenings in line with MSHC testing guidelines
and Australia’s STI guidelines (25,26). We obtained
separate anal and oral swab samples for T. pallidum
PCR and chlamydia and gonorrhea testing. We tested
for herpes simplex virus from genital lesions by us-
ing an in-house TagMan real-time PCR, targeting the
glycoprotein B gene. We tested for Mycoplasma genita-
lium by using the ResistancePlus MG Assay (SpeeDx,
https:/ / plexpcr.com). We performed HIV screening
by using the DiaSorin Liaison XL Murex HIV Ab/Ag
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chemiluminescence immunoassay (4th generation)
and confirmed results by using Western blot.

Identifying of Syphilis Cases

We identified all new syphilis cases by using labora-
tory classifications for early infectious syphilis and la-
tent syphilis from the Australia Department of Health
and the US Centers for Disease Control and Preven-
tion (27,28). Of note, early latent syphilis in Austra-
lia is defined as syphilis infection acquired within
the previous 24 months with no clinical evidence of
syphilis (28). Staging of syphilis was undertaken by
a senior sexual health physician, who determined the
staging on the basis of the medical record and labo-
ratory results, including results from external health-
care services.

Statistical Analysis

We reported categorical variables as frequencies and
percentages and continuous variables as medians and
interquartile ranges (IQRs). We defined syphilis diag-
nosis as testing positive by T. pallidum PCR, serologic
testing, or both. We calculated 95% Cls for syphilis di-
agnoses by using a binomial proportion CI. The study
was stopped in March 2020 because of the COVID-19
pandemic. We performed all analyses by using Stata
version 16 (StataCorp LLC, https:/ /www.stata.com).

Results

A total of 407 contacts had >1 specimen for PCR
screening (oral and anal in MSM, oral in heterosexual
men, and oral and vaginal in women). Of the 407 con-
tacts, 339 were MSM, 22 were heterosexual men, 20
were heterosexual women, 1 was a bisexual woman,
and 25 were bisexual men. Among the contacts living
with HIV (16%, n = 67), most were MSM (94%, n = 63);
one third of contacts (33%, n = 134) were using HIV
preexposure prophylaxis. One fifth of the contacts
(20%, n = 85) had a history of syphilis infection, and
a small number (9%, n = 35) reported ever injecting
drugs. The median age of the syphilis contacts was 32
years (IQR 27-40 years).

Nearly half (47%, n = 193) of the contacts report-
ed having a casual partner as their syphilis contact,
whereas 35% (n = 144) reported a regular partner as
the contact. Most (71%, n = 290) contacts reported
condomless sex during anal or vaginal sex, and 17%
(n = 69) had signs or symptoms suggestive of syphilis
(Table 1).

A total of 42 contacts (10%, 95% CI 8%-14%) had
syphilis infection diagnosed (case-patients) (Figure).
Of those, 33 were MSM, 5 were women, 2 were het-
erosexual men, and 3 were bisexual men. Syphilis

2085



RESEARCH

Table 1. Possible syphilis symptoms described by 69 patients in retrospective study of men and women who visited the Melbourne
Sexual Health Centre, Melbourne, Victoria, Australia, during November 2018—March 2020*

Symptom

No. patients

Oral symptoms, n = 15
Oral ulcers: mouth ulcers, gum ulcers, tongue ulcerst
Lip sores or ulcers

s~

Anal symptoms, n = 18
Anal or perianal ulcers/blisters/lesions, painful and painless
Anal lump
Anal or perianal rash, red rash
Anal pain: severe, discomfort, associated with mucous discharge
Tenesmus
Anal itcht

N -=2DNN

Penile or genital symptoms, n =17
Penile lesions/sores on glans penis, foreskin
Penile rash, including red spots, pimple-like
Penis lump
Scrotal lump and rash, flaky skint

NN O 0

Nonorogenital symptoms, n = 18
Body rash: torso, back, flank, palms, soles}
Rash/sores on shin, leg, thigh
Lump on eyelid, conjunctivitis

N
N A G

Systemic symptoms, n = 21
Headache
Fever, including night sweats, chills
Fatigue/lethargy
Influenza-like symptoms, unwell, sore throat
Blurred vision
Tinnitus
Swollen lymph nodes: groin, submental

N=a2NONO W

*Some participants presented with >1 symptom, and therefore, the total would not add up to 69.
1The participant had tongue ulcer, flaky skin on scrotum and itchy anus with PCR positive test results from tongue, scrotum, and anus.

$Some descriptions include spots, itchy papules, and red patches.

was detected by positive serologic testing alone in
the absence of positive PCR in 21 cases (50%, 95% CI
34%-66%). Nineteen cases (45%, 95% CI 30%-61%)
were detected by positive serologic tests together
with positive T. pallidum PCR; 9 of those case-pa-
tients had T. pallidum detected by PCR from >1 mu-
cosal sites (oral, anal, or vaginal) in the absence of le-
sions at these sites (Table 2). The remaining 10 of the
19 case-patients had signs and symptoms suggestive
of syphilis and were T. pallidum-positive from mu-
cosal sites, lesions sites, or both (Table 3). Of the 42
syphilis case-patients, 2 had T. pallidum PCR detect-
ed from penile lesions with a negative serologic test.
Because those 2 case-patients had T. pallidum PCR
detected only from lesion PCR tests, they are not dis-
cussed further.

Syphilis Cases Detected by T. pallidum PCR

and Serologic Testing

Among the 9 asymptomatic case-patients (i.e., PCR
positive and no visible lesions), 4 were women, 4
were MSM, and 1 was a bisexual man. The median
age was 27 years (IQR 24-31 years). T. pallidum PCR
was detected from >1 of the mucosal screening PCR
tests (58% [95% CI 37%-78%], 14/24): oral swab, oral
rinse, anal swab, or vaginal swab (Table 2). The RPR
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titer ranged from nonreactive to 1:256 (median RPR
1:32, IQR 1:8-1:128).

Among the 10 symptomatic case-patients (i.e.,
PCR positive and visible lesions), 1 was a woman, 8
were MSM, and 1 was a bisexual man. The median
age was 32 years (IQR 24-39 years). In this group,
69% (95% CI 52%-83%, 27/39) of T. pallidum PCR
specimens were positive from the mucosal screening
PCR tests, the lesion PCR tests, or both. The RPR ti-
ter ranged from 1:32 to 1:256 (median RPR 1:64, IQR
1:32-1:128) (Table 3). Of the 10 symptomatic case-
patients, 7 had positive PCR from mucosal screening
sites with or without positive PCR from lesion sites.
Among these 7 case-patients, 5 had positive PCR only
from mucosal screening sites; 3 had signs and symp-
toms of secondary syphilis. Two case-patients had
positive PCR from both mucosal screening sites and
lesion sites (Table 3).

Syphilis Cases Detected by Positive Serologic

Tests in the Absence of T. pallidum PCR Detection
Twenty-one case-patients had positive syphilis sero-
logic tests but no positive T. pallidum screening results
(lesion PCR was not performed) (Table 4). This group
included 19 MSM, 1 heterosexual man, and 1 bisexual
man. The median age in this group was 33 years (IQR
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PCR positive and serologic test
positive, n =19

Men and women who had
contact with persons
who had syphilis, n =42

PCR negative and serologic test

—] Men,n=5

L Men,n=9
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Figure. Flowchart of syphilis
infections among men and
women who had contact with
persons who had syphilis,
categorized by positive PCR
and serologic test results
and presence or absence of
symptoms, in retrospective
study of patients who visited
the Melbourne Sexual Health
Centre, Melbourne, Victoria,
Australia, during November
2018—March 2020.

Asymptomatic,n=9
Women,n=4

Only screening PCR performed
and all positive

Symptomatic, n =10
Women,n=1

Screening PCR positive: 7 contacts
Lesion PCR positive: 5 contacts

Men, n=21
Only screening PCR performed

positive, n =21

and all negative
No lesion PCR performed

PCR positive and serologic test

Men, n=2

negative, n =2

Lesions PCR positive (penile lesion)

Screening PCR negative

28-40 years). Most (86%, 18/21) were asymptomatic
for syphilis except 3 case-patients. Two men with
symptoms had secondary syphilis diagnosed and had
a generalized body rash. One man with symptoms
had a headache and blurred vision, consistent with
symptoms of neurosyphilis, and a resolving body
rash. T. pallidum lesion PCR tests were not performed
on the 3 men with symptoms. The RPR titer ranged
from nonreactive to 1:128 (median RPR 1:4, IQR non-
reactive to 1:32).

Positivity of T. pallidum PCR

The positivity of T. pallidum PCR from the mucosal
screening tests (oral, anal, and vaginal sites) was 3%
(95% C12%-5%; n = 24) from 776 specimens, whereas
the positivity from the suspected syphilis lesions was
16% (95% CI17%-30%; n = 8) from 50 specimens tested
from various sites, such as the penis, perianal, scro-
tum, and tongue (Table 5). The concordance of oral
rinse (2%, 8/387) and oral swab (3%, 11/352) PCR
was 99% (n =352/355).

Table 2. Characteristics of 9 syphilis patients without signs or symptoms of syphilis who had PCR detection of Treponema pallidum
from oral, anal, or vaginal sites in retrospective study of men and women who visited the Melbourne Sexual Health Centre, Melbourne,

Victoria, Australia, during November 2018—March 2020*

Mucosal PCR sites

Previous

Group by HIV/Pr (value if positivet) Serologic test results serologic test

sexual EP Signs on Oral Current RPR  Previous syphilis results (RPR titer ~ Staging of
practice status _examination cavity Vagina Anal titer serologic test if reactive) syphilis
Womant Neg No - +(31) ND 1:8 8y Negative Primary
Womang§ Neg ND - + (36) ND 1:2 None NA Primary
Womant Neg No +(33) ND ND 1:1281 None NA Primary
Womant Neg ND +(32) +(37) ND 1:16 None NA Early latent
Bisexual man  Neg ND - NA +(35) Nonreactive# 8 mo Negative Early latent
MSM Neg No - NA + (26) 1:32 12 mo Negative Early latent
MSM HIV No +(30) NA - 1:2569 10 mo +(1:8) Primary
MSM HIV No + (36) NA - 1:1281 10 mo Negative Primary
MSM PreP No + (36) NA +(32) 1:32 2 mo Nonreactive Primary

*MSM, men who have sex with men; NA, not applicable; ND, not done; neg, HIV-negative and not taking PrEP; PrEP, preexposure prophylaxis for HIV;
RPR, rapid plasma reagin; woman, heterosexual woman; —, negative by T. pallidum PCR; +, positive by T. pallidum PCR.

1Cycle threshold value of T. pallidum PCR.

FThe regular partners (of >1 year duration) had early syphilis (primary and secondary) diagnosed.

§The casual partner had secondary syphilis diagnosed.

f[These 3 patients had high RPR titers with oral PCR detection. We attribute oral PCR detection to shedding after dissemination of T. pallidum on the
basis of the high RPR titer, although this finding could be attributable to occult lesions in the oral cavity.
#Positive T. pallidum—specific antibodies and nonreactive RPR with negative T. pallidum—specific antibodies 8 months prior.
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Table 3. Characteristics of 10 syphilis patients with signs and symptoms of syphilis who had a positive serologic test and Treponema
pallidum PCR detection from mucosal sites or lesion sites in retrospective study of patients who visited the Melbourne Sexual Health
Centre, Melbourne, Victoria, Australia, during November 2018—March 2020*

Mucosal PCR sites Previous
(value if positivet) Serologic test results serologic
Group by  HIV/Pr Lesion PCR Previous test results
sexual EP Signs on Oral sites (value if ~ Current syphilis (RPR titer if Staging of
practice status  examination cavity Vagina Anus positivet) RPR titer serologic test  reactive) syphilis
Woman Neg Oral ulcers  + (36) - - 1:64 24 mo Negative Primary
MSM Neg Tender anal - NA  +(30) 1:16 3 wks 1:1 Primary
ulcers

MSM HIV Torso and +(31) NA +(30) 1:64 5 mo Nonreactive Secondary

hand rash
MSM Prep Torsorash, +(34) NA +(30) 1:128 2 mo Nonreactive Secondary

penis and

perianal rash
MSMi Neg Maculopapular — NA  +(26) 1:256 12 mo Unknown  Secondary
rash on torso

and soles

MSMi Neg Ulcer on +(32) NA +(36) Tongue, + (30); 1:32 26 mo Unknown Primary
tongue, scrotal scrotum, + (39)
rash

MSM HIV Penile ulcer +(34) NA +(40) Penis, + (34) 1:128 4 mo Negative Primary
Bisexual Neg Penile ulcers - NA - Penis, + (38) 1:32 15 mo Negative Primary
man
MSM HIV  Penile ulcers, - NA - Penis, + (36) 1:64 12 mo Negative  Secondary

torso rash
MSM HIV Palms and - NA - Penis, + (36) 1:128 16 mo 1:1 Secondary

feet rash, scrotum, —;

ulcers on palms, —; soles,

penis, and -

nodules on

scrotum

*MSM, men who have sex with men; NA, not applicable; ND, not done; neg, HIV negative and not taking PrEP; PrEP, preexposure prophylaxis for HIV;
RPR, rapid plasma reagin; woman, heterosexual woman; —, negative by T. pallidum PCR; +, positive by T. pallidum PCR.

tCycle threshold value of T. pallidum PCR.

FThese 2 patients had syphilis treated at other clinics previously, but the exact RPR at that time is unknown.

Presence or Absence of Signs and Symptoms

of Syphilis

Among 338 asymptomatic contacts, 8% (27, 95% Cl
5-11) had syphilis infection diagnosed on the basis
of positive serologic tests with or without positive
T. pallidum PCR results. Of the 338 contacts, 56%
(180/338) received an examination. Among 69 con-
tacts with signs and symptoms of syphilis, 22% (15,
95% CI 13-33) had syphilis infection diagnosed on
the basis of positive serologic tests, positive T. pal-
lidum PCR, or both.

Co-infection with Other STls

A total of 32 contacts (8%, 32/407) had >1 STI other
than syphilis diagnosed. All of them were MSM,
and among them, 6 had syphilis diagnosed. Five
had syphilis diagnosed on positive PCR and se-
rologic testing, whereas 1 had syphilis diagnosed
on a positive serologic test alone. Among the 32
contacts, 17 were positive for chlamydia, and 12
contacts were positive for gonorrhea. Five con-
tacts were positive for Mycoplasma genitalium infec-
tion, and 2 contacts tested positive for anal herpes
simplex virus. Among the STIs other than
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syphilis, anorectal chlamydia was the most com-
mon infection (n = 15).

Discussion

In this study of men and women reporting sexual
contact with a person with syphilis, we did not iden-
tify any persons with PCR detection of T. pallidum
from oral, anal, or vaginal sites where serologic
testing was negative, indicating that using PCR for
screening of syphilis contacts at mucosal sites might
not provide any additional benefit over existing
syphilis screening using serologic testing. How-
ever, we found a proportion of men and women
who tested positive for T. pallidum by PCR from the
oral cavity, anus, or vagina in the absence of signs
or symptoms of syphilis at those sites or elsewhere.
In some cases, serologic testing for syphilis was
positive in the absence of negative serologic testing
within the previous 2 years. Those persons would
conventionally be staged as having latent syphilis of
unknown duration, and they probably were treated
for possible late latent infection. However, detec-
tion of T. pallidum by PCR from oral, anal, or vaginal
sites, in conjunction with the syphilis contact status,
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suggests that those infections probably were early
asymptomatic infections.

The findings indicate that PCR-based testing for
T. pallidum at mucosal sites may be useful in assisting
with staging of syphilis infection. Consequently, this
approach could provide guidance to clinicians and
patients regarding treatment duration. Furthermore,
T. pallidum PCR testing at mucosal sites has the poten-
tial to aid in partner notification, particularly in cases
where an early infectious syphilis is diagnosed and
the duration of infection is uncertain. T. pallidum PCR
may complement current methods of staging, which
rely on various factors, including the presence of signs
of early syphilis, the patient’s history of syphilis and
treatment, sexual history (including contact with a
partner with syphilis infection), and past and current
laboratory results (including serologic testing and di-
rect detection methods using molecular assays).

We identified several asymptomatic women
who had positive syphilis serologic testing and PCR
detection of T. pallidum from the mucosal screening
sites (the vagina, oral cavity, or both). Those wom-
en had never been serologically tested for syphilis
before or had been tested >2 years previously. We

T. pallidum at Asymptomatic Sites in Adults

also identified several asymptomatic MSM who had
positive syphilis serologic testing and PCR detection
of T. pallidum from the anus, oral cavity, or both. In
contrast to the women, all those men had been se-
rologically tested for syphilis within the previous
2 years. The difference in serologic testing between
women and men reflects frequent serologic screen-
ing for syphilis being well established among MSM
in Australia but less so among women in urban cen-
ters because syphilis has only emerged as a major
public health concern among women in that setting
in recent years.

Several studies have examined the role of NAAT
in syphilis screening (20,29). A US study compared the
use of transcription-mediated amplification (TMA)
assay performed on rectal and pharyngeal mucosa
in MSM with routine serologic testing and found 2
additional syphilis cases diagnosed on TMA testing
before positive serologic testing (29). Patients in both
cases had TMA detection in rectal swabs: 1 did not
have symptoms, and the other had anal symptoms. In
contrast, our study did not identify syphilis cases di-
agnosed on T. pallidum PCR from mucosal sites before
positive serologic testing.

Table 4. Characteristics of 21 syphilis patients with positive serologic tests in the absence of PCR detection from mucosal sites or
lesion sites in retrospective study of patients who visited the Melbourne Sexual Health Centre, Melbourne, Victoria, Australia, during

November 2018—March 2020*

Previous Previous serologic
Group by sexual  HIV/PrEP  Signs and symptoms of Current RPR syphilis test result (RPR
practice status syphilis titer serologic test titer if reactive) Staging of syphilis
MSM Neg No 1:4 8 mo Nonreactive Early latent
MSM+ PrepP No Nonreactive 18 mo Nonreactive Early latent
MSM PreP No Nonreactive 10 mo Negative Early latent
MSM PrepP Not examined Nonreactive 3 mo Negative Early latent
MSM Neg No 1:16 5 mo Nonreactive Early latent
MSM HIV No Nonreactive 6 mo Negative Early latent
MSM PrepP No 1:128 4 mo Negative Early latent
MSM Neg No 1:32 12 mo Negative Early latent
MSM Neg Not examined 1:64 4 mo Negative Early latent
MSM HIV Not examined 1:64 1 mo Negative Early latent
MSM PreP Not examined 1:4 8 mo 1:1 Early latent
Heterosexual man Neg Not examined 1:8 8 mo Negative Early latent
Bisexual man Neg Macular rash on palms :32 None None Secondary
MSM Neg Rash/papules on penis, :32 14 mo Nonreactive Secondary
maculopapular rash on
hands and back

MSM PrEP Not examined Nonreactive 11 mo Negative Early latent
MSM§ Neg Blurred vision and 1:64 19 mo Negative Secondary/

headache, Resolved body neurosyphilis

rash before presentation
MSM HIV Not examined 1:4 3 mo Nonreactive Early latent
MSM PrepP No Nonreactive 6 mo Negative Early latent
MSMi Neg No 1:2 None None Late latent
MSM PrEP Not examined Nonreactive 1 mo Negative Early latent
MSM HIV Not examined 1:32 2 mo Nonreactive Early latent

*MSM, men who have sex with men; neg, HIV negative and not taking PrEP; nonreactive, nonreactive RPR; PrEP, preexposure prophylaxis for HIV;

RPR, rapid plasma reagin.

T1gM was reactive on serologic test.
ITreated for late latent syphilis.
§Subsequently had neurosyphilis diagnosed.
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Table 5. Patients testing positive on Treponema pallidum PCR at mucosal screening sites and lesion sites in retrospective study of
patients who visited the Melbourne Sexual Health Centre, Melbourne, Victoria, Australia, during November 2018—March 2020

Sites tested by T. pallidum PCR No. tested No. (%) positive by T. pallidum PCR
Mucosal sites* 776 24 (3.0)
Oral cavityt 405 12 (3.0)
No oral symptoms 339 8(2.4)
Oral symptoms present 66 4 (6.1)
Anal swab 352 9(2.6)
No anal symptoms 291 4(1.4)
Anal symptoms present 61 5(8.2)
Vaginal swab 19 3(13.6)
No vaginal symptoms 18 3 (16.7)
Vaginal symptoms present 1 0
Lesion sitest 50 8 (16.0)
Penile swab 23 6 (26.0)
Other sites (perianal: 13) 27 2§ (7.4)

*Oral cavity, anus, and vagina.

tSpecimens tested from oral cavity were oral swab, oral rinse, or both. Oral swab was positive in 11/352 (3%) samples. Oral rinse was positive in 8/397

(2%) samples.

FPenis, perianal, labia, mouth ulcer, palms, soles, pubic, right groin, scrotum, and tongue.

§Positive PCR from specimens tested at tongue and scrotum.

In our study, we found that 40% of the 42 con-
firmed early syphilis cases among men and women
had PCR detection of T. pallidum from >1 of the mu-
cosal sites (oral, anus, and vagina), with or without
lesions at these sites. Of note, we show PCR detec-
tion of T. pallidum in asymptomatic women. T. pal-
lidum detection by PCR in women has been shown
in other studies but predominantly from genital le-
sions (16,30-32). The presence of T. pallidum at those
mucosal sites may represent the site of inoculation
(and hidden primary lesions) or dissemination from a
distant site (19). Several other recent studies showed
that T. pallidum can be detected from the oral cavity or
anus of men and women with early syphilis infection
(18-23). Detection of T. pallidum by PCR was reported
in #24% of 200 MSM with confirmed early syphilis in-
fection with or without lesions at the oral cavity and
anus (18). Those studies suggest that syphilis prob-
ably is infectious from oral, anal, and vaginal sites in
the absence of local signs and symptoms.

The first limitation of our study is that it was
terminated prematurely because of the COVID-19
pandemic, which limited the sample size. The num-
ber of women in the study was small because the
clinic population was predominantly male, and
fewer women attended. The sexual partners report-
ed by contacts might not have actually had syphilis,
given that we were unable to confirm their diagno-
sis; if so, we may have overestimated syphilis in-
fections in this study group. Not all contacts who
self-reported that they were asymptomatic had ex-
amination of oral, vaginal, and anal sites by the cli-
nician (46% did not undergo examination), which
could have led to occult lesions at those sites being
missed. The T. pallidum PCR we used might have
lower sensitivity than other T. pallidum molecular
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assays, such as TMA, resulting in a lower number
of PCR-positive mucosal screening tests (29,33).
Further, current data are not sufficient to indicate
that T. pallidum PCR positivity at a mucosal site is a
proof of early syphilis infection. T. pallidum might
reflect contamination from very recent sexual inter-
course with a person with syphilis infection, such
as residual semen at the mucosal site.

Overall, we conclude that T. pallidum PCR screen-
ing from mucosal sites (oral, anus, and vagina) may
not have added benefit over screening using serologic
testing. It may, however, have a role in assisting with
syphilis staging, particularly in the absence of syphi-
lis lesions. A positive PCR result from asymptomatic
mucosal sites may help identify early infections in
persons who would otherwise be classified as having
latent syphilis of unknown duration. However, such
an interpretation requires a correlation with addi-
tional sexual behavioral information and the broader
clinical context. T. pallidum PCR screening at mucosal
sites may be especially relevant in populations that
do not undergo regular syphilis screening with sero-
logic testing.
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etymologia revisited

[plag]

Plague

lague (from the Latin plaga, “stroke” or “wound”) infections are

believed to have been common since at least 3000 BcE. Plague is
caused by the ancestor of current Yersinia (named for Swiss bacte-
riologist Alexandre Yersin, who first isolated the bacterium) pestis
strains. However, this ancestral Y. pestis lacked the critical Yersinia
murine toxin (ymt) gene that enables vectorborne transmission. After
acquiring this gene (sometime during 1600-950 scE), which encodes
a phospholipase D that protects the bacterium inside the flea gut,
Y. pestis evolved the ability to cause pandemics of bubonic plague.
The first recoded of these, the Justinian Plague, began in 541 Ace and
eventually killed more than 25 million persons.
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