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ABSTRACT

Neurosyphilis is a distinct pathological manifestation of syphilis, recognized for its
potential to cause inflammatory pseudotumors. Pathological studies on neurosyphilis are
currently scarce, emphasizing the need to explore clinical diagnostic experiences to prevent
misdiagnosis and unnecessary surgical interventions. This article presents three cases of
neurosyphilis initially suspected to be metastatic or primary brain tumors. Diagnosis was
confirmed through pathological examination following surgical resection, revealing
morphological characteristics typical of peripheral soft tissue syphilis in the first and second
stages. Treponema pallidum was detected in all cases, and microbial genetic testing further
confirmed the diagnosis in one instance. Following standardized anti-syphilis treatment, all
patients achieved full recovery and resumed normal lives. By reviewing these rare cases, this
article aims to summarize the morphological characteristics and share our diagnostic
experience, enhancing the understanding of neurosyphilis to avoid unnecessary surgeries.
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INTRODUCTION

With the incidence of primary and secondary syphilis rising annually in China, there were 22
cases per 100,000 people in 2008 [1]. Neurosyphilis is now less common than it was before the
introduction of penicillin. However, in a recent series, 3.5 percentage of patients with clinical or
ophthalmologic signs of syphilis were found to have neurosyphilis based on cerebrospinal fluid
(CSF) analysis. The incidence of neurosyphilis in various studies has been estimated to range from
0.47 to 2.1 cases per 100,000 people [2]. In certain studies, up to half of the patients with early-stage
syphilis have been found to be co-infected with the human immunodeficiency virus (HIV) [3], and
neurosyphilis is estimated to occur in twice as many persons with coinfection as persons without
HIV infection [4]. While most knowledge about neurosyphilis originates from the pre-penicillin era,
clinical descriptions from 1970 to 1984 closely resemble those documented between 1930 and
1940.[5][6]. However, patients with HIV coinfection may have earlier development of neurologic
features than people without HIV infection, as well as incomplete responses to treatment [7][8].
Early neurosyphilis is usually characterized by asymptomatic meningitis, evidenced only by a
cellular reaction in the CSF. However, it can be symptomatic with headache, meningismus, cranial
nerve palsies, and blindness or deafness. Late symptomatic neurosyphilis, which develops decades
after the primary infection, has been reported in 10 to 20 percentage of cases, according to data
obtained before the introduction of penicillin; the rates may be lower now [4][9]. Studies have
reported that neurosyphilis can cause the infiltration of lym- phocytes and plasma cells [10][11],
cerebrovascular disease [12][13], and gum swelling[14].

However, pseudomatosis caused by neurosyphilis has not been reported. This paper
discusses three cases where brain lesions were surgically removed due to masses identified in
clinical and imaging diagnoses. All cases were pathologically confirmed as neurosyphilis. This
highlights the importance of refining diagnostic approaches to neurosyphilis to prevent misdiagnosis

and avoid unnecessary treatments.

CASE PRESENTATION

Case 1: The first patient, a 57-year-old male, was admitted to the hospital with a one- month history of
intermittent headaches. He exhibited no primary anogenital ulcers, mucosal lesions, peculiar rashes,
or alopecia. His medical history included hyperten- sion, diabetes, and gout, all managed with
medication. Head CT and MRI revealed a space-occupying lesion (SOL) in the left temporoparietal
occipital lobe, accompanied by significant surrounding edema Fig. 1 Although glioma was considered,
metastasis could not be ruled out. Histopathological examination of the surgical specimen revealed
thickened cerebral vascular walls, localized lumen stenosis and occlusion, perivascular cellulose deposition,
lymphocyte and plasma cell infiltration, and localized microab- scess formation.

Immunohistochemical analysis showed T. pallidum (+), CMV (-), EBER (-), HHV-8 (-), CD68
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(histiocytes +), CD138 (+), CD20 (B cells +), and CD3(T cells +). These findings were consistent
with the morphological characteristics of peripheral soft tissue syphilis in the first and second
stages. Postoperative follow-up showed that the patient underwent anti-inflammatory

treatment(details not available), recovered well, and did not experience a recurrence.

Figure 1: Brain MRI showing a space-occupying lesion (SOL) in the left temporoparietal
occipital lobe, accompanied by significant surrounding edema
Case 2: The second patient, a 54-year-old female, was admitted following the discovery of a space-occupying
lesion (SOL) in the left frontal lobe, identified two months earlier. She exhibited no primary anogenital ulcers,
mucosal lesions, peculiar rashes, or alopecia. Her medical history included hypertension and diabetes,
managed with medication. Two months prior, after a fall, an MRI revealed a left frontal lobe mass
with surrounding edema, initially considered a possible metastasis, which did not improve with
conservative treatment Fig.2. PET/CT showed an equal to slightly high-intensity shadow in the left
frontal lobe, with abnormal metabolic increase, peripheral edema, and decreased metabolism,
suggesting a possible malignant neo- plastic lesion. Upon admission, the patient tested serologically
positive for HIV and syphilis. Post-surgery, histopathological examination of the mass revealed
infiltra- tion by mononuclear macrophages, plasma cells, and lymphocytes, interstitial edema,
granulomatous inflammation in necrotic brain tissue, and vascular lesions. Inmunohistochemical analysis
showed T. pallidum (+), GFAP (-), HHV-8 (-), CMV (-), EBER (-), CD68 (histiocytes +), and CD38
(plasmocytes +). These findings corresponded to the morphological characteristics of the third stage

of peripheral soft tissue syphilis. Standardize anti-syphilis treatment was performed (Ampicillin, 1.2
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million units, three intramuscular injections every other week) during postoperative follow-up, and

no recurrence occurred.

Figure 2: Brain MRI showing a left frontal lobe mass with surrounding edema
Case 3: A 71-year-old male patient was admitted to the hospital due to bilateral lower limb weakness
for four days, which had worsened over the past half-day. He had no significant past medical history.
Blood tests revealed a positive Rapid Plasma Reagin (RPR) for syphilis. Brain MRI showed nodules in
the bilateral frontal and parietal 3 lobes with surrounding edema, suggesting the possibility of
metastasis and recom- mending correlation with the clinical history Fig 3. Gross examination of the right
parietal lobe lesion revealed an irregular mass of grayish-yellow to gray-brown tissue measuring 4 x 1.5
x 0.9 cm. Pathological analysis under low magnification showed chronic purulent inflammation with
abscess formation, local degeneration, and necrotic tissue. High magnification revealed extensive
infiltration of lymphocytes, plasma cells, and neutrophils, with pronounced inflammatory cell infiltration
in the vascular walls, narrowing of some vascular lumens, and swollen endothelial cells. Amyloid bodies
were noted around the vascular walls. Immunohistochemical analysis showed T. pallidum (+), CD3
(T cells +), CD30 (-), CD21 (-), CD138 (plasmocytes +), EBER (-), and Sil- ver stain (-). Metagenomic
microbial detection confirmed the presence of Treponema pallidum (syphilis spirochete) Fig 4. The
pathological diagnosis was syphilitic menin-gitis, displaying the morphological characteristics of
peripheral soft tissue syphilis in the first and second stages.(Ampicillin, 1.2 million units, three
intramuscular injections every other week) during postoperative follow-up, and no recurrence

occurred.
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Figure 3: Brain MRI showing nodules in the bilateral frontal and parietal lobes with sur-

rounding edema
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Figure 4: Metagenomic microbial detection confirming the presence of Treponema pal- lidum

(syphilis spirochete)

MATERIALS AND METHODS
Existing hematoxylin and eosin-stained slides were reviewed on each case for
parenchymal inflammatory changes (including degree, location, and cell types), vascular
lesions, and granulomas. Immunohistochemical(IHC) staining for Treponema antigen, GFAP,
CMV, EBER, HHV-8, CD68, CD138, CD20, and CD3 were used to perform on 3 cases under local
laboratory conditions at the time of primary case workup, all of which were the auxiliary
product from DAKO (ready-to-use, DAKO). The stain on each case was reviewed and reported

as positive or negative based on whether any organisms were observed.

RESULTS
Histological findings:

The first case’s histopathological features of the surgical specimen showed local microabscess
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formation Fig 5, infiltration of lymphocytes and plasma cells Fig 6 , thickening of the cerebral vascular
wall, local lumen stenosis and occlusion, perivas- cular cellulose deposition Fig 7. The second case’s
histopathological features showed infiltration of mononuclear macrophages, plasma cells, and
lymphocytes Fig 8, inter- stitial edema, and granulomatous inflammation in necrotic brain tissue (Fig. 1
H and I). The third case’s histopathological features showed chronic purulent inflammation with Fig 9,
Fig 10 abscess formation was, with local degeneration and necrotic tis- sue under low magnification
Fig 11 ; under high magnification, a large number of lymphocytes, plasma cells, and neutrophils were
visible, with extensive inflammatory cell infiltration in the vascular walls, narrowing of some vascular
lumens, and swollen endothelial cells Fig 13, Fig 14. Amyloid bodies were observed around the vascular

walls Fig 13. Treponema IHC was positive Fig 14.

5 S SN i s
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Figure 13

DISCUSSION

Secondary syphilis can have a wide and varied clinical presentation. The laboratory
diagnosis of neurosyphilis is based on abnormal results of serum and CSF serologic tests and
elevations in the CSF white-cell count and protein level [1]. However, these findings are neither
sensitive nor specific, and a prior history of syphilis is not always known. They have no proper
benchmarks. Serum and CSF serologic tests for neurosyphilis are classified as nontreponemal (tests
using Venereal Disease Research Laboratory [VDRL] or rapid plasma reagin [RPR] techniques) or
treponemal (tests using fluorescent treponemal-antibody absorption [FTA-ABS] and related
techniques)[15].

Estimates of serologic sensitivity and specificity depend on the choice of controls, the
prevalence and stage of syphilis, and the accuracy of laboratory and clinical diagnoses used as a
reference. Neurosyphilis is usually accompanied by CSF pleocytosis, which declines over decades,
and mildly elevated protein levels [16]. The most common pattern in our series was the
thickening of the cerebral vascular wall, local lumen stenosis and occlusion, perivascular cellulose
deposition, and infiltration of lymphocytes and plasma cells Fig 7 Fig 9 Fig 13. Microabscess
appeared in 1 case and gummatous swelling in the other, which respectively was primary
syphilis and tertiary syphilis [17][18][19]. Cerebral vascular lesions have been linked with
neurosyphilis in previous reports; some cases in prior large series had infiltration of
lymphocytes and plasma cells [20] with partially combined HIV [21]. Microabscess formation and

granulomatous inflammation in necrotic brain tissue can mimic brain mass as the first symptom. Case 1
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and Case 3 showed images of brain abscesses, which are equivalent to Stage I/1I syphilis Fig 5, Fig
8,Fig 11 ; Case 2 showed images of granulomas, which are equivalent to Stage III syphilis Fig 10.
Three cases in our Imaging data findings mimicked possible malignant neoplastic lesions, but
metastasis was not excluded. In this paper, 3 cases of brain lesions were removed by surgical
resection due to mass in clinical and imaging studies and were pathologically diagnosed as
neurosyphilis. Three patients showed noticeable effects on penicillin treatment and no disease
progression. For patients with serological syphilis antibody positive, it is necessary to be alert to
the possibility of brain inflammatory pseudotumor-like changes caused by neurosyphilis. Moreover, it is
feasible to screen cerebrospinal fluid syphilis combined with penicillin therapy to avoid unnecessary
surgical treatment. IHC for Treponemal organisms could be considered the gold standard for diagnosing
neurosyphilis. IHC is helpful when positive but does not rule out the possibility of syphilis when negative.
All three patients showed positive results for Treponema pallidum Fig 14 postoperatively, with Case 1
and Case 3 showing weakly positive results; further microbial metagenomic detection using
high-throughput sequencing (NGS) identified Treponema pallidum. Similarly, reported cases of
hepatic syphilis in the literature included positive cases [22][23] and negative cases [22][24][25]
for spirochetes. Currently, reports on the pathoogy of neurosyphilis are relatively rare, with only one
case reported [26]. The three patients exhibited a large amount of chronic inflammatory cell
infiltration, with extensive lymphocytic infiltration. CD38 and CD138 showed positivity for plasma
cells Fig 6, Fig 13. CD3, CD20, and CD68 demonstrated scattered infiltration of T cells, B cells,
and histiocytic cells, respectively. No clear atypia was observed in the cells, suggesting a low
likelihood of lymphoma. Our series underscores that secondary syphilis should be included in the
differential diagnosis in a wide variety of encephalopathy patterns, including local lumen stenosis
and occlusion, granulomatous inflammation in necrotic brain tissue, and local microabscess formation.
Takashi etc.[26] showed that mass formation may be caused by concomitant EBV reactivation in
neurosyphilis. We also conducted relevant tests including CMV (Cytomegalovirus), EBV (Epstein-
Barr Virus), HHV8 (Human Herpesvirus 8), and special staining-silver staining, to rule out more
common viral and fungal infections. Postoperatively, the patients received standardized anti-

syphilis treatment, recovered well and there was no recurrence during follow-up.

CONCLUSION

For patients with serological syphilis antibody positive, it is necessary to be alert to the
possibility of brain inflammatory pseudotumor-like changes caused by neurosyphilis. Neurosyphilis
histomorphology of the central nervous system caused by the change and other soft tissue
morphological changes of syphilis is roughly similar, including parenchymal wall thickening, luminal
stenosis, occlusion, and perivascular visible cel- lulose deposition and plasma cell infiltrates, and visible

micro abscess formation, the formation of the brain tissue necrosis and syphilitic gumma. Furthermore,
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when treat- ing patients with mass lesions of the central nervous system, it is important to check their

medical history and perform laboratory screening for infectious diseases to avoid overlooking syphilis

infections. For patients with brain lesions and serological-positive peripheral syphilis, it is feasible to

screen cerebrospinal fluid syphilis combined with penicillin therapy to avoid unnecessary surgical

treatment.
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