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ABSTRACT

Objectives: To demonstrate the association between chemiluminescent microparticle immunoassay
(CMIA) signal-to-cutoff (S/CO) ratio and active stage of syphilis as well as adverse perinatal
outcomes.

Materials and Methods: A retrospective chart review was conducted in pregnant women with
reactive CMIA (CMIA S/CO ratio = 1) as the primary test in the reverse algorithm of syphilis
screening. The participants were categorized into three groups: Group 1 CMIA+ venereal
disease research laboratory (VDRL)+; Group 2 CMIA+ VDRL- Treponema pallidum
haemagglutination test (TPHA)+; and Group 3 CMIA+ VDRL- TPHA-. CMIA S/CO ratio and
perinatal outcomes were compared. Active stage of syphilis refers to having venereal disease
research laboratory (VDRL) titer = 1:8.

Results: Eighty-three out of 8,987 (0.92%) pregnant women who came for antenatal care at Siriraj
Hospital between January 2020 and February 2021 were reactive for CMIA. Two twin
gestations were excluded. The CMIA S/CO ratio was highest in group 1 (n = 39) at 23.1 +
5.5, followed by 16.1 + 5.2 in group 2 (n = 25) and 2.1 + 3.2 in group 3 (n = 17), p < 0.001.
Perinatal outcomes were not different among the groups, except for congenital syphilis (CS).
All six neonates with CS were born to the participants in group 1 who had CMIA S/CO ratio
> 19.9. Most of the participants who delivered neonates with CS were diagnosed with syphilis
in third trimester and had VDRL titer > 1:8.

Conclusion: Instances of adverse perinatal outcomes and active stage of maternal syphilis were
more frequent in pregnant women with higher CMIA S/CO ratio. The use of CMIA S/CO ratio
as an adjunct to clinical evaluation may provide additional benefits to the syphilis screening.
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signal-to-cutoff ratio.

Correspondence to: Jaruda Kobkitjaroen, M.D., Department of Clinical Pathology, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand. E-mail: jaruda.kob@mahidol.ac.th

Received: 26 May 2022, Revised: 5 December 2022, Accepted: 21 December 2022

VOL. 31, NO. 4, JULY 2023 Sakunborrirak P, et al. Association between Chemiluminescent 255
Microparticle Immunoassay Signal-to-cutoff Ratio and
Active Stage of Syphilis in Thai Pregnant Women



e o o 1 = | . . . . . Ll
AIMNANNUETEUINAIFAFIYN chemiluminescent microparticle immunoassay nu

segzunsnsraredannealsAT AR luvdaninssalns

tadng anaussny, 1auds R18e3UA7, 915071 NAUAUASY
UnAnga

IhqLlseaiA; IROUARIRINNAIT IS 21T 9ARAIUAN chemiluminescent microparticle immunoassay (CMIA)
signal-to-cutoff (S/CO) fiuge mWj"na‘m75145@1/7:‘72/@\7?3@%17\/5@Zumﬁm‘%m?ﬁlm UASNABIDNITNLINA
JAAUASIENTS: INIANMILLL retrospective chart review lusesiansariasun1saraasanselsadilaa
Inein1smsaiiandae CMIA (lu3ausn uazldua CMIA ihian (CMIA S/CO ratio 21) anyiussazaaiiugiudas
Venereal Disease Research Laboratory (VDRL) #1n&@alamnsari @gﬁ’zm?mmﬁuﬂvu@dnﬂ%?ﬁqeﬁﬁ Treponemal
pallidum hemagglutination (TPHA) Ju1Nngun13Ans 11Ty 3 nga aail nqa 1 CMIA+ VDRL+ ngu 2 CMIA+ VDRL-
TPHA+ uazngu 3 CMIA+ VDRL- TPHA- NIRRT NARE AN chemiluminescent microparticle
immunoassay (CMIA) signal-to-cutoff (S/CO) filse: ;mW:r'nimvmgﬂmnﬂmfiﬁ%ﬁ/ﬁﬂYuwz;ﬁm%m?fﬁm/ UAZHA
damsnuaniin laeiiss mwr’nimﬁm%@mmmfm%ﬁ/z?ﬂwmﬂﬁmzjuﬁfim”u VDRL titer >1:8

NANITANE: mné’)mumﬁmgmﬁ‘ﬂrﬁmm/‘zm‘mﬁ@:’;Yﬁi”ﬁ/mmmw‘”ﬁmimfiﬂ%?\/ﬁ@ Alranenuadsogly
FoGURBY UNTIAN W.A.2563 TN IRBUNUNTE W.A.2564 v 8,987 78 MuAIAMaRIATs AL 83 718
(Faeias 0.92) maany CMIA iluiian ﬁé’vmumﬂom‘%ﬁ?iﬁﬂ@qmﬂgnﬁv@@m7nmiﬁnmtijﬂ\7@7mﬁumm‘%mm’
welm mvmiﬁnmwm'ﬂun@'yﬁ 1 (A79u 39 AY) AArdadau CMIA S/CO 777’@@177‘@&7 IngAiadzAe 23.1 £ 5.5
i@d@quvﬁﬂzun@'uﬁ2 (3711491 25 AL) LL@:ﬂ@'&/ﬁS (§109 17 AY) TAAN 16.1 £ 5.2 Uas 2.1 + 3.2 AL,
p < 0.001 wm/mm?mz,:‘mﬁmZ;L/Zﬁﬁm’m/u,mnm’wn”u@ﬂ'wﬁu"ﬂﬁm”zy’luw%mmnzy’w e A
6 ?mﬁﬁukméﬁﬂﬁmm’fﬁ”mﬁmTmﬂwgwmtﬁmmmm72un@'m71" 1 AdlArdndaw CMIA S/CO 7 219.9 uazwisa
ﬁ)?m’zv'ouimy’ﬁmmw7mﬁ?ﬁ)”s*“umﬁﬁ%‘“m”uﬁufm%?\/ﬁmﬁﬁuﬁmwm";Zﬁ)”i“j_m’;ﬁﬁ@@”ﬁ/d’;Lﬁﬁ?\/@ﬂ?ﬂﬁ?ym
a3 uazmPaanL1dlA1 VDRL titer >1:8

agl: mMasunandeuasmanuniiauassrezunsdanneslsadiaanyiduinndr lundesanssiinsaanwan
Ardndan CMIA S/CO 7’/7'@0 uazn7ldAdndau CMIA S/CO waTnluntzasaaAanseslsainaaeaulselam
Tunsguainsniematin

o

AE1AZY: chemiluminescent microparticle immunoassay, NATBNNITNUINIAR, THAR, ARG

256 Thai J Obstet Gynaecol VOL. 31, NO. 4, JULY 2023



Introduction

Syphilis is a destructive infectious disease
caused by Treponema pallidum subspecies pallidum.
Itis a sexually transmitted infection, spreading mainly
through lesion contact. In pregnant women,
T pallidum can infect in-utero fetus through placenta
causing congenital syphilis (CS). Over the past 10
years, CS in Thailand is on the rise with an increase
in the incidence rate from 7.48 per 100,000 live births
in 2011 to 161.78 per 100,000 live births in 2021™.
The risk factors include ineffective syphilis screening
methods, failure to complete course of treatment,
teenage pregnancy, commencing treatment for less
than four weeks before delivery, and reinfection
during pregnancy®.

Diagnosis of syphilis can be done either by
detection of the etiologic organism or serological
diagnosis® #. The serological diagnosis of syphilis,
which requires both treponemal and nontreponemal
tests, is widely applied due to the quick resolution of
the clinical presentations. Nontreponemal test
detects antibodies to lipoidal antigens being released
from damaged host tissues which occur most
obviously during early stage of syphilis. Therefore,
its titers indicate disease activity. In other words,
higher titers relate to the more active stage of
syphilis®. On the contrary, treponemal tests detect
specific antibodies against T. pallidum, which remain
detectable for life. A positive treponemal test may
refer to current or past infection. At the moment, the
clinical use of treponemal test is only reactive or
non-reactive result, but their antibody titers have no
clinical application® 4,

Formerly, the screening protocol of syphilis
starts with a non-treponemal test which was called
the ‘traditional sequence’ A treponemal test will be
done if only the primary test is reactive. This results
in a big missing portion of patients in very early and
late stage of syphilis®®. Later, the reverse sequence
which switches the order of the tests has shown a
greater screening performance. It has been
recommended by the World Health Organization
(WHO)® and the Thai national guideline® as a
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pivotal tool to eliminate CS.

Chemiluminescent microparticle immunoassay
(CMIA) is the recommended primary treponemal test
in Thailand due to its high sensitivity" 2. If CMIA
is positive, a nontreponemal test will be performed
to confirm the diagnosis of syphilis, which is either
rapid plasma reagin (RPR) or venereal disease
research laboratory (VDRL). In case of discordant
results, false positive CMIA should be excluded by
performing the second treponemal test, such as
Treponema pallidum hemagglutination (TPHA). A
reactive second treponemal test indicates syphilis
infection, while a non-reactive one indicates that
syphilis is unlikely. CMIA is run by an automated
system and reported in a quantitative result with a
signal-to-cutoff (S/CO) ratio. This ratio varies with the
amount of antibody in a sample. The manufacturer
defines reactive CMIA as the CMIA S/CO ratio at >1.
Some studies reported the optimal cutoff points set
at higher S/CO ratio to decrease false positive rate('®
Y. Moreover, the association of the higher CMIA S/
CO ratio and poorer neonatal outcomes were
reported®. Therefore, the present study aims to
demonstrate the association between CMIA S/CO
ratio and clinical stage of syphilis during pregnancy
and perinatal outcomes of pregnancy with syphilis.

Materials and Methods

This retrospective chart-review study was
conducted at Siriraj Hospital, Thailand between
January 2020, and February 2021. It was approved
by the Siriraj Institutional Review Board (SIRB),
Faculty of Medicine Siriraj Hospital, Mahidol
University. (COA no. Si 938/2021).

Participants

All pregnant women who came for antenatal
care (ANC) at Siriraj Hospital between January 2020
and February 2021; and had reactive CMIA were
included in the study. Those who delivered at Siriraj
Hospital were included for the analysis of the
secondary outcomes. Exclusion criterion was
multifetal pregnancy.
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Laboratory investigations for syphilis screening
and management

All laboratory investigations were conducted at
the 1ISO 15189-accredited Laboratory at Siriraj
Hospital. They were performed by using commercial
reagent and following manufacturer instruction. The
CMIA, using ARCHITECT Syphilis TP (Abbott
Laboratories, Abbott Park, lllinois, USA), was
performed to initially screen for antibodies to
T pallidum. CMIA was an immunoassay run by an
automated instrument and reported quantitatively
using S/CO ratio and considered reactive when the
ratio was =1 according to manufacturer
recommendation. Sera with reactive CMIA were later
tested using the Venereal Disease Research
Laboratory (VDRL) (Becton, Dickinson and Company,
Sparks, Maryland, USA), which is a non-treponemal
test. VDRL was a flocculation test performed manually
and reported in titers. Those with reactive VDRL
(CMIA+, VDRL+) were diagnosed with syphilis (Group
1). Those with discordant results (CMIA+, VDRL-) were
furthertested by Treponema pallidum hemagglutination
(TPHA) (Rapid Labs, Colchester, Essex, UK). TPHA
was an indirect hemagglutination assay performed
manually and reported qualitatively as reactive and
non-reactive. Those with reactive TPHA (CMIA+,
VDRL-, TPHA+) were diagnosed with late syphilis
(Group 2). Those with non-reactive TPHA (CMIA+,
VDRL-, TPHA-) were considered as having false
positive CMIA (Group 3)®.

All pregnant women diagnosed with syphilis
were treated in accordance with the standard guideline
provided by the Center for Disease Control and
Prevention and the Thai guideline® . In the labor
room, their blood was drawn for VDRL testing
regardless of previous treatment to compare with that
in neonate’s blood. All neonates born to pregnant
women with syphilis were examined thoroughly for the
evidence of congenital syphilis and placentas were
sent for pathological examination and detection of
T pallidum.

Neonates were considered to have CS if any
of the following criteria was met: abnormal physical
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examination compatible with CS; fourfold higher than
maternal titer of VDRL at delivery; or pathological
reports representing evidence of T pallidum infection®,
Those with proven CS received aqueous crystalline
penicillin for a total of 10 days.

Outcome measures

The association between CMIA S/CO ratio and
activities of disease, including syphilis (Group 1), late
syphilis (Group 2) and false positive CMIA (Group 3),
was the primary outcome. Also, the CMIA S/CO ratio
was divided into three intervals according to previous
studies™® for the comparison, including <9.9, 9.9 to
<19.9 and =19.9.

Perinatal outcomes including preterm birth, low
birth weight (LBW), birth asphyxia and CS were the
secondary outcomes. Preterm birth was defined as
delivery prior to 37 weeks of gestational age (GA).
Low birth weight (LBW) was defined as a neonate
birth weight lower than 2,500 grams. Birth asphyxia
was defined as having an Apgar score of less than 7
at one or five minutes.

Sample size calculation and statistical analysis

According to a study by Zofkie AC et al™®, which
used chemiluminescence immunoassays (CIA),
Treponemal pallidum particle agglutination (TPPA)
and rapid plasma regain (RPR) for screening syphilis
in pregnant women, the means and standard
deviations of CIA S/CO titers were 18.3 + 5.4 (CIA+/
RPR+/TPPA+), 12.1 = 5.3 (CIA+/RPR-/TPPA+) and
1.9 + 0.8 (CIA+/RPR-/TPPA-), respectively. The
sample size was calculated by nQuery Advisor. The
alpha and power were set at 0.05 and 80%,
respectively. Consequently, the minimum sample size
required for our study was 75.

Stata program version 12.1 (Statacorp LP,
College Station, Texas USA) was used for statistical
analysis. Presentation of descriptive data was done
with n (%), mean + standard deviation (SD), and
median with interquartile range (IQR). The
comparisons between 3 groups were performed
using one-way analysis of variance (ANOVA)
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pairwise comparison by the Bonferroni for normal
continuous data. Non-normal distribution data was
analyzed using pairwise comparison Dunn’s test’s
and Kruskal-Wallis test. Comparison of categorical
data was done using chi-square test or Fisher’s exact
test. The t test and Wilcoxon Rank Sum test were
used to compare parametric data and non-parametric
data, respectively. A p value of < 0.05 was statistically
significant.

Results
Between January 2020 and February 2021,

there were 8,987 pregnant women who came for ANC
at Siriraj Hospital. The total number of reactive CMIA
samples was 83 (0.92%). Two participants had
multifetal pregnancies and were excluded. The VDRL
and TPHA results of 81 participants with reactive
CMIA were shown in Fig. 1. Participants with reactive
VDRL (CMIA+, VDRL+) were found most in CMIA
S/CO ratio =19.9 (33/38 or 86.8%). On the contrary,
participants with false positive CMIA (CMIA+, VDRL-
TPHA-) were found most in CMIA S/CO ratio < 9.9
(19/23 or 82.6%) and not found in CMIA S/CO ratio
>19.9.

8,987 pregnant women
being tested for CMIA

Singleton pregnant women
with CMIA S/CO ratio 21.0

n=81

n=23

CMIA S/CO <9.9

y

CMIAS/C0 9.9 -<19.9

n=20

CMIA S/CO 219.9

n=

38

k4
VDRL reactive VDRL non-reactive VDRL reactive VDRL non-reactive VDRL reactive VDRL non-reactive
n=1 n=22 n=5 n=15 n=33 n=5
4 l \l/
TPHA reactive TPHA non-reactive TPHA reactive TPHA non-reactive TPHA reactive
n=3 n=19 n=14 n=1 n=5

Fig. 1. Diagram of the participants.
CMIA: chemiluminescent microparticle immunoassay, S/CO: signal-to-cutoff ratio, VDRL: venereal disease
research laboratory, TPHA: Treponema pallidum hemagglutination.

Participants’ characteristics were compared
among Group 1 (CMIA+ VDRL+), Group 2 (CMIA+
VDRL- TPHA+) and Group 3 (CMIA+ VDRL- TPHA-)
as shown in Table 1. The participants in Group 1 were
younger and more likely to be primiparous. Three of

VOL. 31, NO. 4, JULY 2023

them had HIV infection. The body mass index (BMI),
parity, previous abortion, and GA at diagnosis were
comparable. CMIA S/CO ratio was highest in Group
1 at 23.1 £ 5.5, followed by 16.1 + 5.2 in Group 2 and
2.1 £ 3.2in Group 3, p < 0.001. (Fig. 2)
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Table 1. Characteristics of pregnant women with reactive CMIA (n = 81).

CMIA+, VDRL+ CMIA+, VDRL-, TPHA+ CMIA+, VDRL-, TPHA- p value

(n =39) (n=22) (n =20)

Age (years) 227 +5.4 26.7 5.5 30257 <0.001
Age (years) 0.013

<20 9 (23.1) 1(4.5) 1(5.0)

20-30 26 (66.7) 15 (68.2) 10 (50.0)

> 30 4 (10.3) 6 (27.3) 9 (45.0)
BMI (kg/m?) 23.4+3.7 255+57 245+ 3.9 0.189
Primiparity 18 (46.2) 2(9.1) 7 (35.0) 0.013
Previous abortion 11 (28.2) 9 (40.9) 4 (20.0) 0.321
GA at diagnosis (weeks) 20.0+10.9 21.3+13.3 16.0 = 11.3 0.300
GA at diagnosis (weeks) 0.532

<14 16 (41.0) 10 (45.5) 12 (60.0)

14-28 12 (30.8) 4 (18.2) 4 (20.0)

> 28 11 (28.2) 8 (36.4) 4 (20.0)
HIV infection 3(7.7) 0 (0) 0 (0) 0.187
CMIA S/CO ratio 23.1+55 16.1 +5.2 21x32 < 0.001

Data presented in n (%), mean + standard deviation (SD) and median + SD

CMIA: chemiluminescent microparticle immunoassay, VDRL: venereal disease research laboratory, TPHA: Treponema Pallidum
hemagglutination assay, Rx: treatment, BMI: body mass index, GA: gestational age, HIV: human immunodeficiency virus, S/CO: signal-to-
cutoff ratio

P <0.001

e P <0.001 P 0.003
] r T 1
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@
5
= o
o 10.00 »
-2
# —
00
Group 1 Group 2 Group 3

Fig. 2. Chemiluminescent microparticle immunoassay signal to-cutoff ratio by groups. Group 1 CMIA+/VDRL+;
Group 2 CMIA+/VDRL-/TPHA+; Group 3 CMIA+/VDRL-/TPHA-.

CMIA: chemiluminescent microparticle immunoassay, VDRL: venereal disease research laboratory, TPHA:
Treponema pallidum hemagglutination.

Miscarriages occurred in three participants at was early syphilis. Eight participants delivered at other
GA 10, 11, and 21 weeks. The first two cases were hospitals. Accordingly, 70 participants were included
diagnosed with false positive CMIA and the last one into the analysis of the perinatal outcomes.
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The perinatal outcomes were similar among
pregnant women with different ranges of CMIA except
for the incidence of CS (Table 2). All six neonates
diagnosed with CS were born to mothers with CMIA
S/CO ratio =19.9 and reactive VDRL. The pregnant

Table 2. Perinatal outcomes in pregnant women with reactive CMIA (n = 70).

women who delivered neonates with CS tended to be
younger; were diagnosed with syphilis in third
trimester and had higher CMIA S/CO ratio and VDRL
titer, compared to those who delivered neonates
without CS (Table 3).

S/CO ratio

S/CO ratio

S/CO ratio p value
>1t0<9.9 9.9to < 19.9 =>19.9
(n=17) (n=19) (n=34)
GA at delivery (weeks) 38.2 + 1.1 38.5+ 1.6 37428 0.251
GA at delivery (weeks) 0.131
<34 0(0) 0 (0) 3(8.8)
<37 1(5.9) 3(15.8) 6 (17.6)
>37 16 (94.1) 16 (84.2) 25 (73.5) 0.424
Birth weight (gm) 3,055 + 274 2,899 + 296 2,832 £ 595 0.276
<1500 0(0) 0 (0) 2 (5.9)
< 2500 0 (0) 1(5.3) 5(14.7) 0.263
Birth asphyxia 1(5.9) 0 (0) 3(8.8) 0.678
Congenital syphilis 0 (0) 0 (0) 6 (17.6) 0.040

Data are presented as n (%) or mean + standard deviation (SD)
CMIA: Chemiluminescent microparticle immunoassay, S/CO: signal-to-cutoff ratio, GA: gestational age

Table 3. Characteristics of pregnant women delivering neonates with and without congenital syphilis (n = 70).

Congenital syphilis No congenital syphilis p value
(n =6) (n =64)

Age (years) 235+76 25.7+6.0 0.407
<20 2(33.3) 8 (12.5) 0.377
20-30 3 (50.0) 43 (67.2)
> 30 1(16.7) 13 (20.3)

GA at diagnosis (weeks) 277 +£9.0 19.5 £ 12.0 0.111

Trimester at diagnosis
First 1(16.7) 31 (48.5) 0.141
Second 1(16.7) 15 (23.4)

Third 4 (66.6) 18 (28.1)

CMIA S/CO ratio 26.8+4.4 16.0 + 8.9 0.005
>11t0<9.9 0 17 (26.6) 0.025
9.9t0<19.9 0 20 (31.2)
>19.9 6 (100) 27 (42.2)

VDRL titer 1:16 [1:2,1:64] 0[0,1:2] < 0.001*

VDRL titer > 1: 8 4 (66.6) 7 (10.9) < 0.001

Data are presented as n(%), mean =+ standard deviation (SD), median + SD or median with interquartile range.
GA: gestational age, CMIA: chemiluminescent microparticle immunoassay, VDRL: venereal disease research laboratory, S/CO: signal-to-

cutoff ratio.
*Wilcoxon rank sum test
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Discussion

High CMIA S/CO ratio in pregnant women
with syphilis relates to the occurrence of congenital
syphilis. Both high CMIA S/CO ratio and high VDRL
titer favor active stage of maternal syphilis. This
supports the fact that early stage of syphilis in
pregnant women associates with CS, at 70-100%",
due to a high level of spirochetemia together with a
greater tissue damage. Compatible with previous
studies, in order to eliminate CS, the higher CMIA S/
CO ratio may be applied as an adjunct to help identify
the stage of syphilis and make a prompt decision for
management('® 17,

The median CMIA S/CO ratio from participants
with active syphilis in the present study is slightly
higher than that from Thai pregnant women with
untreated syphilis in the previous study (23.11 vs
21.27)1. The higher level of S/CO ratio can be partly
explained by the fact that the participants in the
present study were younger (26 vs 32 years). As
widely known, a recent infection of syphilis leads to
marked horizontal and vertical transmission as well
as a greater tissue damage. Young women,
particularly teenagers, who are not far from their sex
debut, thus tended to be in the early stage of syphilis.
This results in a higher VDRL titer and, as being shown
in the present study, a higher CMIA S/CO ratio.

The false positive CMIA results using S/CO
ratio =1 as a cutoff point was observed at 11.8-53.8%
in previous studies™ > 18, |n this study, the proportion
of CMIA results which returned false positive was
24.7% (20 in 81). The false positive CMIA can be
lessened by increasing S/CO ratio diagnostic point.
In line with the previous study in non-pregnant women
reporting a diagnostic specificity of 100% when using
CMIA S/CO ratio 9.9 as a cutoff point®, our findings
showed that only 1.7% (1 in 58) of pregnant women
with CMIA S/CO ratio 9.9 were false positive.
Additionally, 82.6% of samples with reactive CMIA
S/CO ratio < 9.9 were false positive. Because of the
difference in population, each laboratory should
determine its own optimal CMIA S/CO ratio cutoff
point. However, as false positive tests appear more
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acceptable in terms of screening, CMIA S/CO ratio
cutoff point at =1 remains for it has high screening
performance.

The present study demonstrated that 27.2% (22
in 81) of CMIA-reactive participants had false negative
VDRL (CMIA+, VDRL-, TPHA+). The diagnosis of
syphilis would have been missed in those participants
if the traditional sequence had been used, similar to
the previous studies that found a missed diagnosis
rate of 24.2-27.1%'%- 29, The finding underlines the
superiority of the reverse sequence in terms of syphilis
screening.

Although perinatal outcomes were not different
among the three groups of CMIA S/CO ratio in this
study, all neonates with CS were born to mothers with
high CMIA S/CO ratio and high VDRL titer. Additionally,
the participants with younger age and greater GA at
diagnosis tended to have neonates with CS. This is
consistent with a previous report which showed that
50% of teenage mothers with syphilis gave birth to
neonates with CS, and that the first ANC after 20
weeks of gestation was a predictive factor®. Late
ANC may lead to delayed diagnosis and treatment of
syphilis while intrauterine fetuses are increasingly
harmed with GA®". Information regarding prevention
of both sexually transmitted infections and pregnancy,
together with proper management once either occurs
should be more emphasized in Thai young population.
The single study center is the strength in that all
laboratory investigations were performed in one
qualified center. Therefore, the whole process of the
reverse sequence algorithm was completely adhered.
Moreover, the good collaboration between the
Department of Obstetrics and Gynaecology, that of
Pediatrics and that of Clinical Pathology are well-
established. The limitation was the lack of long-term
follow-up of newborns as late-onset congenital syphilis
may develop much later.

Conclusion

Instances of adverse perinatal outcomes,
particularly congenital syphilis, and maternal syphilis
with VDRL titers >1:8 are more frequent in pregnant

VOL. 31, NO. 4, JULY 2023



women with higher CMIA S/CO ratio. All neonates with
CS were born to mothers with CMIA S/CO =19.9.The
use of CMIA S/CO ratio as an adjunct to clinical
evaluation may provide additional benefits to the
syphilis screening and raise clinicians’ awareness of
commencing immediate and proper management for
pregnant patients.
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