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Appraisal of vitreous syphilis antibody as a novel biomarker for
the diagnosis of syphilitic uveitis: a prospective case-control
study
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PURPOSE: To determine the sensitivity and specificity of syphilis antibody tests in vitreous samples and to propose an algorithm
using vitreous syphilis antibody as a supplementary test to confirm syphilitic uveitis (SU).
METHODS: A prospective case-control study was conducted at the Retina and Uveitis Clinic from May 2017 to January 2020.
Initially, patients were classified based on syphilis serology into group 1 (positive testing) and group 2 (negative testing). Group 1
was further divided into 2 subgroups (group 1A and 1B) depending on their relevant clinical manifestations and clinical
improvement. Group 2 served as a control group.
RESULTS: Thirty-eight patients were enrolled in the study: 14 in group 1A, 5 in group 1B, and 19 in group 2B. No patient was
assigned to group 2A. All patients in group 1A, representing definite SU, completed syphilis test (rapid plasma reagin [RPR], enzyme
immunoassay [EIA], and fluorescent treponemal antibody-absorption [FTA-ABS]) for vitreous, and all vitreous samples yielded
positive results. Of the 5 subjects in group 1B, 3 cases were considered to be not SU with different conditions, and 2 were
indeterminate for SU. They presented with different features not typical of SU, and they had variable and fewer positive syphilis
antibody responses. The most sensitive test for detecting syphilis antibodies in vitreous was EIA (90.9%), followed by RPR (80.0%)
and FTA-ABS IgG (78.9%). EIA and FTA-ABS had the highest specificity, detecting 100% of the syphilis antibody.
CONCLUSIONS: Vitreous analysis of syphilis antibody can serve as a supplementary test to confirm SU in selected cases as the
proposed algorithm.

Eye (2023) 37:146–154; https://doi.org/10.1038/s41433-021-01902-6

INTRODUCTION
Presumptive diagnosis of syphilitic uveitis (SU) in uveitis patients
is made with positive serology results from a nontreponemal
test such as the rapid plasma reagin (RPR), and it is then
followed by confirmation using one of the treponemal tests
[1–3]. However, many researchers include active uveitis patients
with only positive treponemal serologic test in their cohort
[3–6]. In most cases of SU, serological diagnosis and clinical
presentations are sufficient to make a presumptive diagnosis.
Nevertheless, besides unusual serologic responses in HIV-
infected patients as reported [7–11], problems with diagnosis
and treatment may occur in some uveitis patients if they have
discordant or equivocal syphilis serology [1, 12, 13], atypical
clinical presentation [14–16], or, in immunocompromised
patients, possible co-infection [15, 17]. Given the unavailability
of Treponema pallidum polymerase chain reaction (PCR) in many
areas, only a few cases diagnosed by PCR analysis for T. pallidum
in vitreous samples have been reported in the literature
[15, 18, 19]. Besides, newer PCR-based techniques have low
sensitivity in detecting syphilis in blood [20, 21] and cerebrosp-
inal fluid (CSF) [22], and thus, they cannot replace the above-
mentioned serological tests.

The novel application of nontreponemal and treponemal
antibody to confirm diagnosis of SU from vitreous samples was
recently demonstrated by the current authors [14]. Therefore, the
purpose of this study was not only to determine the sensitivity
and specificity of nontreponemal and treponemal antibody
testing in vitreous samples but also to propose an algorithm
using vitreous syphilis antibody to serve as a supplementary
test to serology for the confirmation of syphilitic retinitis/
chorioretinitis.

METHODS
Study design and population
This study was a prospective case-control study conducted at the Retina
and Uveitis Clinic, Department of Ophthalmology, Rajavithi Hospital,
Bangkok, Thailand. The study followed the tenets of the Declaration of
Helsinki and was approved by the Ethics Committee of Rajavithi Hospital
(approval No. 119/2561). Patients giving informed consent for participation
were enrolled from January 2017 to January 2020. Diagnosis of SU was
confirmed using positive serologic tests, including a nonspecific test (RPR),
and one of the specific treponemal antibody tests, i.e., enzyme
immunoassay (EIA), the fluorescent treponemal antibody-absorption
(FTA-ABS) immunoglobulin M (IgM), or immunoglobulin G (IgG). Analyses
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of each serum sample using RPR (Agappe, Kerala, India), EIA (DIESSE,
Monteriggioni (Siena), Italy) and FTA-ABS (EUROIMMUN, Lubeck, Germany)
were performed according to the manufacturers’ instructions.
A negative serologic test for syphilis was defined as negative results

both from RPR and from one of the specific treponemal antibody tests (EIA,
FTA-ABS IgG). Patients with other immunological or infectious systemic
diseases except human immunodeficiency virus (HIV) infection were
excluded. A group of non-infectious uveitis patients who tested
negative for syphilis in serological tests and had no symptoms or signs
of active syphilis served as the controls for experiments on vitreous
specimens. The required sample size was calculated and the calculated
required minimum sample size was set at not less than 32 (See
Supplementary information 1 for sample size calculation). Finally, 38 cases
were enrolled and initially categorized into 2 arms based on results of the
serum syphilis antibodies: positive and negative.

Data collection
Baseline demographics and past medical history were retrieved. Ophthal-
mological findings included best-corrected visual acuity (BCVA), intraocular
pressure measurement, slit-lamp examination findings, type of intraocular
inflammation, grade of inflammation in the anterior chamber and in the
vitreous, and fundus examination. Criteria from the Standardization of
Uveitis Nomenclature Working Group were used for uveitis classification
and inflammation grading [23]. To confirm the diagnosis and exclude other
causes of uveitis, all patients underwent a complete eye examination,
laboratory examination, and imaging studies, which included chest x-ray,
syphilis test, Anti-HIV test, and anti-Toxoplasma antibodies. When
available, CSF data also were collected (routine biochemical, cytologic
analyses, and syphilis testing). Color fundus photographs, spectral domain
optical coherence tomography (SD-OCT) (Spectralis OCT, Heidelberg,
Germany), and fluorescein angiography (FA) were performed for all
patients if the fundus details were visible.
Once diagnosed with SU, patients were admitted, and neurologists and

infectious disease specialists were consulted for further recommendations.
Treatment for neurosyphilis was justified by an infection specialist and was
administered to each patient, either 4 million units of penicillin G
intravenously every 4 hours or 2 g daily of ceftriaxone administered
intravenously for 14 days [24, 25]. Treatment for syphilis was given to all
cases with positive serology for syphilis. SU activity was evaluated at
1 week, 2 weeks, and 4 weeks after treatment initiation, and finally at
follow-up. In addition, systemic corticosteroids were given if a patient
showed no signs of improvement (visual gain, clinical manifestations, and
imaging findings) at 2 weeks after the onset of antibiotic treatment.

Vitreous sample processing and interpretation
Vitreous fluid was collected by tapping or pars plana vitrectomy. Basically,
the minimum vitreous volumes needed were 0.1 ml for RPR, 0.05 ml for EIA,
and 0.05ml for FTA-ABS testing. However, to guarantee an adequate
volume of vitreous specimen which could be depleted at times and
decreased in the process of dividing the specimen, the minimal required
volume was 0.3 ml to complete all syphilis testing. Analyses of each
vitreous sample were performed using the same methods for serum. In our
study, vitreous syphilis positive was defined in accordance with serological
diagnosis, i.e., positive RPR and either positive EIA or FTA-ABS.

Patient classification
Patients were classified based on syphilis serology into groups 1 and 2.
Group 1, with positive syphilis serology, was further divided into
2 subgroups (group 1A and 1B) by evaluating the relevant clinical
manifestations at initial presentation and significant clinical improvement
in response to either penicillin G or ceftriaxone (See Supplementary
information 2 for flowchart demonstrating patient classification for the
study population). Clinical improvement was judged as significant when all
the following criteria were met within 2–4 weeks after treatment onset: (1)
visual improvement confirmed either by patients or by visual acuity
measurement; (2) clinical amelioration of intraocular inflammation (a
2-step decrease of both anterior chamber and vitreous haze inflammation
levels, or by the resolution of fundus lesions being either decreased
vascular sheathing or size reduction in chorioretinal/retinal lesions); and (3)
retinal imaging (OCT or FA) showing resolution of inflammation [4, 26]. The
controls (group 2) comprised non-infectious uveitis patients with negative
syphilis serology. Their vitreous fluid was obtained in addition to the
primary purpose of PCR analysis for the detection of suspected viral causes.

Group 2 was divided into 2 subgroups (group 2A and 2B) based on syphilis
test results from vitreous fluid. Therefore, there were 4 groups: “definite
SU” group 1A—positive syphilis serology with relevant clinical features and
significant clinical improvement; “not SU or indeterminate SU” group 1B -
positive syphilis serology with irrelevant clinical features and unclear
clinical improvement in response to either penicillin G or ceftriaxone;
group 2A–negative syphilis serology and positive vitreous syphilis
antibody; and group 2B—negative syphilis serology and negative vitreous
syphilis antibody.

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows,
Version 20.0 (Armonk, NY: IBM Corp. 2011). The Shapiro-Wilk test was used
to test for normal distribution. Characteristics of patients and eyes were
reported as numbers and percentages for categoric variables and as mean
or median for continuous variables.
Chi-square test and Fisher’s exact test were used for univariate analysis

of categorical variables. The independent-samples t-test or Mann–Whitney
U test were used to compare data between two unrelated groups.
Sensitivity and specificity with a 95% confidence interval (CI) of syphilis test
results from vitreous fluid were calculated using syphilis serology testing as
the gold standard. Cohen’s kappa coefficient was calculated to assess
agreement between serum and vitreous syphilis tests. Serum and vitreous
RPR titers were assessed for bivariate correlation using Spearman’s test,
and a p value <0.05 was considered to be significant.

RESULTS
Our study included 19 cases (35 eyes) with positive syphilis
serology and 19 controls with negative syphilis serology. Group 1A
(definite SU) consisted of a total of 27 eyes of 14 patients, and all
cases (100%) were HIV-infected males. Fifty percent (7/14) had
been previously diagnosed with HIV infection and were under
antiretroviral treatment at the primary hospital while the
remaining cases were diagnosed with HIV infection at our clinic.
Their mean age was 31 ± 7 (range, 22–43) years, and their mean
CD4 count was 228 (range, 2–504) cells/µL. Testing of CSF
obtained from lumbar puncture was conducted in 79% (11/14),
and 91% (10/11) were RPR positive.
Table 1 shows the demographics and syphilis testing profiles of

the patients in groups 1A and 1B (positive syphilis serology test).
Sixty-four percent (9/14) were diagnosed with neurosyphilis by a
neurologist, including one patient (no.9) who was concurrently
diagnosed with secondary syphilis. All patients in group 1A had
positive serum RPR and FTA-ABS IgG. Sixty-four percent (9/14) of
subjects underwent EIA testing in serum, and all yielded positive
results. Of these, all (14/14) had completed syphilis test (RPR, EIA,
FTA-ABS IgG) for vitreous, and all vitreous samples yielded positive
results. Seventy-one percent (10/14) underwent FTA-ABS IgM
testing, yielding negative results in all vitreous samples. The
median serum RPR titer among the 14 patients in group 1A was
1:256 (range, 1:4–1:1024) compared with vitreous RPR titer of 1:16
(range, 1:1–1:1024). Twenty-nine percent (4/14) of the patients
had RPR titers in vitreous equal to or higher than in serum.

Clinical features and treatment outcomes of group 1A
Of all 27 eyes from 14 patients, the most common ocular
involvements of the definite SU group were chorioretinitis (25/27,
93%) and retinal vasculitis (25/27, 93%). In bilateral cases, both eyes
always disclosed the same anatomical type of uveitis, though
asymmetry was present in some eyes. Uveitis was classified as
posterior uveitis in 14 eyes (52%) and panuveitis in the other 13 eyes
(48%). There were no cases of intermediate uveitis. Ninety-three
percent of eyes (25/27) had initial BCVA worse than 20/60 and 41
percent (11/27) had initial BCVA worse than 20/200. Patient 5, who
presented with unilateral necrotizing chorioretinitis with exudative
retinal detachment, underwent combined phacoemulsification-
vitrectomy with silicone oil tamponade for repair of the detached
retina when retinitis became inactive after intravenous penicillin G.
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Twenty-four eyes (89%) had OCT images and demonstrated
disruption of the ellipsoid zone and focal disruption of the external
limiting membrane. Twenty-five eyes (93%) underwent FA and the
most common angiographic features were retinal vascular leakage
(predominately venous leakage or capillary leakage) (100%),

followed by optic disc leakage (25/26, 96%). Fig. 1A–F presents
the imaging findings of cases 1 and 7, which improved after
treatment. There was no evidence of posterior placoid chorior-
etinitis in any case. Table 2 demonstrates the clinical characteristics
and imaging findings of the patients in group 1A.
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An equal number of patients were treated with penicillin G (7/
14, 50%) and ceftriaxone (7/14, 50%). All patients showed
significant clinical improvement in response to either penicillin
G or ceftriaxone according to the aforementioned criteria. Topical
prednisolone acetate 1% drop was started to control anterior
chamber inflammation and did so successfully, and there was no
use of systemic corticosteroids in any case. Visual improvement
was achieved in all eyes at 1 month, at which point 63% (17/27)
experienced BCVA better than 20/60, and 85% (23/27) experi-
enced BCVA better than 20/200.

Clinical features of group 1B
Table 3 demonstrates the clinical characteristics, imaging findings,
and clinical irrelevance to SU of the patients in group 1B. Patients
15, 16, and 17 were considered as not SU with different conditions
(Fig. 1G–J) while patients 18 and 19 were indeterminate for SU.
Lumbar puncture was performed only in cases 17 and 19, and CSF
RPR results were negative. All patients were prescribed a 14-day
course of either intravenous penicillin G (1/5) or ceftriaxone (4/5),
and none showed significant clinical improvement according to
the aforementioned criteria.

Characteristics of groups 2A and 2B
Of all 38 participants, none was assigned to group 2A (negative
syphilis serology and positive syphilis tests in vitreous), while 19
patients were classified into group 2B (negative syphilis serology
and negative syphilis tests in vitreous). Forty-seven percent (9/19)
were male and 16% (3/19) were HIV-infected. Their mean age was
53 ± 18 (range, 22–82) years. There were statistically significant
differences relating to age (P < 0.001), sex (P= 0.001), and HIV
infection (P < 0.001) between groups 1A and 2B. Regarding group
2B, syphilis testing performed in vitreous samples of the controls
were 100% (19/19) for RPR, 100% (19/19) for EIA, and 89% (17/19)
for FTA-ABS. All EIA and FTA-ABS rendered negative results. Most
RPR yielded negative results with the exception of just 2 (2/19,
11%) controls who showed low titer RPR (1:2 and 1:4) in vitreous
samples.

Sensitivity and specificity of vitreous test for syphilis
Syphilis serology tests (RPR, EIA, FTA-ABS IgG) were used as the
diagnostic gold standard in our study. The most sensitive test for
detecting syphilis antibodies in vitreous was EIA (90.9%), followed
by RPR (80.0%) and FTA-ABS IgG (78.9%) (See Supplementary
information 3 for sensitivity, specificity, and kappa value for
syphilis testing from vitreous specimens). EIA and FTA-ABS had the
highest specificity, detecting 100% of the syphilis antibody.
Regarding RPR titer in serum and vitreous, Spearman correlation
showed that RPR titer in vitreous was significantly positively
correlated with the RPR titer in serum (R= 0.78, P < 0.001).
Comparisons of the syphilis test results in vitreous with serum
showed substantial agreement for RPR (kappa value, 0.69) and
FTA-ABS (kappa value, 0.77) and almost perfect agreement for EIA
(kappa value, 0.86).

DISCUSSION
While a serologic workup as the current standard for SU diagnosis is
based either on traditional serologic testing or on reverse screening
algorithms, such presumptive diagnoses can be problematic in
some cases [1, 12–17]. Thus, there is a need to develop an accurate
method to confirm diagnosis of SU besides PCR tests, which have
limited sensitivity and availability [20–22]. The novel application of
nontreponemal and treponemal antibody to confirm diagnosis of
SU from vitreous samples has been previously pioneered by the
current authors [14] and was affirmatively demonstrated by the
present study. However, it is important, to emphasize that this
method cannot replace PCR in terms of specificity to T. pallidum, and
all patients testing positive for syphilis, whether or not they have SU,
should seek specialist attention for extraocular diseases.

Clinical features and patient classification
A review of the literature suggests that characteristics of choroiditis
and retinal vasculitis presenting in SU may be underreported, since
most large case series have not provided comprehensive multi-
modal imaging analysis in exploring alterations in optic disc, retinal
vessels, and outer retinal morphology [3, 5, 22, 27], while some
small case series specifying a group of syphilitic chorioretinitis have
clearly provided such data [4, 26, 28]. Our work with multimodal
imaging found that chorioretinitis and retinal vasculitis were the
most common manifestations in SU. Though SD-OCT findings in
group 1A disclosed alterations in external limiting membrane and
ellipsoid zone as previously reported, there was no pattern of
posterior placoid chorioretinopathy [4, 26, 28]. All patients in group
1A fulfilled the criteria of clinical relevance and significant clinical
improvement. Interestingly, they tested positive for all nontrepo-
nemal and treponemal antibody in vitreous specimens; therefore,
we hypothesized that group 1A should be determined as “definite
SU” while patients in group 1B (not SU or indeterminate SU)
presented with different features not typical of SU and had variable
and fewer positive responses.

Analysis of syphilis testing results and proposed algorithm
table
Sensitivity and specificity are useful summary measures for
describing the diagnostic utility of a testing method. The current
study, using syphilis serology tests as gold standard, demonstrated
high sensitivity and specificity of syphilis test results from vitreous
fluid. Also, RPR titer in vitreous showed a significantly positive
correlation with RPR titer in serum. Interestingly, 29% of vitreous
RPR in group 1A revealed equal or higher titer than serum RPR. This
is confirmatory evidence for the diagnosis of ocular syphilis.
Unfortunately, group 1B comprised too few patients to enable
evaluation of the interpretation. The present study also showed the
lack of necessity for the antibody test in vitreous samples in
patients with negative syphilis serology; however, we believe that
this novel procedure could be beneficial in selected groups of
patients as follows: (1) atypical clinical presentations of SU or
unresponsiveness to the treatment [14–16]; (2) discordant or

Fig. 1 Multimodal imaging of selected cases in group 1A and group 1B. A–D show multimodal imaging of case 1 (group 1A). A SD-OCT
image of the left eye shows disorganized outer nuclear and outer plexiform layer, focal defect of external limiting membrane, generalized
ellipsoid zone disruption, and localized pigment epithelial detachment. B Two weeks after initiation of penicillin G, improvement was evident
from the decrement of inner and outer retina irregularities in SD-OCT. There was no change in central choroidal thickness. C Mid-phase
fluorescein angiogram of the left eye demonstrates perivascular and disc leakage. D Perifoveal leakage decreased after initiation of penicillin
G. E and F show mid-phase fluorescein angiogram (FA) of case 7 (group 1A). E Though pre-treatment FA image is unclear due to the vitritis, it
reveals disc leakage with diffuse venous leakage F Two weeks after the completion of intravenous ceftriaxone, the angiogram was clear, and
there was significant reduction of leakage from optic disc and retinal veins. G–J show multimodal imaging of the patients in group 1B. G and
H Case 15 complained of floaters in the right eye with BCVA 20/20. The OCT image of the right eye shows relatively normal macula, and
fluorescein angiogram reveals several leaking microaneurysms and capillary nonperfusion areas, which is characteristic of diabetic
retinopathy. I and J Case 17 presented with unilateral retinal vasculitis which was focused in the macula (I). After a 2-week course of
ceftriaxone monotherapy without visual improvement, oral prednisolone (1mg/kg daily) was prescribed and showed good results in terms of
visual gain and significant reduction of angiographic leakage at 1 week after corticosteroid treatment (J).
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equivocal syphilis serology [1, 12, 13]; (3) medically complicated or
immunocompromised patients where co-infection is possible
[15, 17]; and (4) patients referred with clinically suspected syphilis
despite a negative serology, possibly due to the result of a
laboratory error [7, 8]. Therefore, we presented the proposed
algorithm according to our results (Table 4). Given the small
number of tests included, all treponemal test results were classified
as one testing for the algorithm. Furthermore, as we realized that
the limited quantity of the vitreous specimens sometimes did not
permit a full panel of testing, we recommended testing FTA-ABS
IgG and RPR for a small volume of vitreous specimens (less than
0.3 ml), and full syphilis panel for sufficient volume of vitreous
obtained (equal to or more than 0.3 ml). These tests should be
performed sequentially, keeping RPR until last, as it requires more
vitreous to be diluted in status of low antibody titer. We considered
FTA-ABS IgG as a priority test in spite of its lower sensitivity
compared with that of EIA, since higher testing numbers of FTA-
ABS IgG demonstrate the strength of correlation. Communication
between ophthalmologists and laboratory technicians is crucial
before sending vitreous samples to the laboratory, since it is not
conventional testing. We emphasize that this novel method should
not be routinely performed, as it may become excessive.
This study had several limitations that are important to

acknowledge. First, we used the results from serology as gold
standard to analyze the sensitivity and specificity of syphilis testing
from vitreous specimens; therefore, the negative results from
vitreous specimens in group 1B may be due to the incompatible
enzyme assay’s not representing the true response. In addition,
each test had limitations, including the potential for false-positive
and false-negative results. Secondly, due to the nature of retina and
uveitis tertiary care centers, selection bias may also have influenced
results. Thirdly, the small number of patients included, as well as
baseline discrepancies between groups, resulted in analyses that
might be underpowered. Finally, the results are not necessarily
generalizable to the population of patients with posterior uveitis
given that all included cases in group 1A were HIV-infected.
In conclusion, this study provided a novel approach and

algorithm with the application of vitreous syphilis antibody as a
supplementary test to confirm SU. In selected cases, as mentioned
earlier, this method will increase the accuracy of presumptive
diagnosis of SU that is conventionally made in clinical practice,
and it will allow appropriate treatment to be commenced earlier.
Further, it is applicable in all facilities but also requires
communication between ophthalmologists and laboratory tech-
nicians in advance. However, further studies are required to
evaluate other syphilis testing and confirm this observation.

Summary

What was known before

● Although in most cases, serological diagnosis and clinical
presentations are sufficient to make a presumptive diagnosis
of ocular syphilis, problems with diagnosis and treatment may
occur in selected uveitis patients if they have discordant or
equivocal syphilis serology, atypical clinical presentation, or, in
immunocompromised patients, possible co-infection.

● There is a need to develop an accurate method to confirm the
diagnosis of syphilitic uveitis besides PCR tests, which have
limited sensitivity and availability.

What this study adds

● The testing of nontreponemal and treponemal antibodies in
vitreous can be applicable to improve the accuracy of the
presumptive diagnosis of syphilitic uveitis, and could be
beneficial in selected groups of patientsTa
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Table 4. Interpretation of syphilis test results from vitreous.

Treponemal tests (EIA or FTA-ABS) Nontreponemal tests (RPR) Likely presentation

+ + Definite syphilitic uveitis

+ − Probable syphilitic uveitis

− + Vitreous RPR titer ≥ serum titer: probable syphilitic uveitisa

Vitreous RPR titer < serum titer: possible syphilitic uveitisa

− − Not syphilitic uveitisa

aOther treponemal tests can be considered to confirm the diagnosis.
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