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Abstract: Syphilis is a sexually transmitted infectious disease caused by Treponema pallidum. Here, we report a rare case of
secondary pulmonary syphilis, which was diagnosed by metagenomic next-generation sequencing (mNGS) in bronchoalveolar lavage
fluid (BALF). Direct pulmonary involvement by 7. pallidum was suggested by a positive mNGS result in BALF. One month after
treatment with benzathine penicillin G (2.4 million units, three doses), a repeated CT scan showed the radiological resolution. To our
knowledge, this is the first reported case of secondary pulmonary syphilis diagnosed by mNGS in BALF.
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Introduction

Syphilis is a sexually transmitted infectious disease caused by Treponema pallidum. In recent years, the prevalence of
syphilis has substantially increased worldwide.' Syphilis is classified into primary, secondary, latent, and tertiary stages.
Secondary syphilis with pulmonary involvement is rare. Coleman first proposed the criteria for the clinical diagnosis of
secondary pulmonary syphilis in 1983.> Despite this, pulmonary syphilis is still challenging to diagnose due to
asymptomatic presentation and ability to mimic other diseases. An ideal method to diagnose secondary pulmonary
syphilis is still not available. Here, we report a rare case of secondary pulmonary syphilis, which was diagnosed by

metagenomic next-generation sequencing (mNGS) in bronchoalveolar lavage fluid (BALF).

Case Report

A 32-year-old heterosexual male was admitted to the Respiratory and Critical Care Department for a three-day history of
left pleuritic chest pain and mild cough. He denied fever, weight loss, dyspnea, or nervous system symptoms. He had
a medical history of 10-year chronic hepatitis B.

Physical examination revealed normal body temperature, normal breath sound, lack of mucosal or genitourinary
lesion, and presence of erythematous papular rash over the palms and soles. The laboratory tests showed a white blood
cell count of 8370/mL. The procalcitonin level of 0.336 ng/mL (normal range, <0.5) was normal. The erythrocyte
sedimentation rate was increased to 69 mm/h. The serological tests of hepatitis C antibody and HIV antibody were
negative, while the hepatitis B surface antigen was positive. The TP passive particle agglutination assay (TPPA) was
positive, and the toluidine red unheated serum test (TRUST) revealed titer of 1:64. The TPPA kit was purchased from
FUJIREBIO INC. (Tokyo, Japan), and the TRUST kit was obtained from Shanghai Rongsheng-Biotech (Shanghai,
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China). Based on the history of sex with partners, erythematous papular rash over the palms and soles, and positive
serological tests, secondary syphilis was considered in this patient after consultation with a dermatologist.

Chest computed tomography (CT) showed left lower lobe pneumonia, mild left pleural effusion, and mediastinal
adenopathy (Figures 1 and 2). Bronchoalveolar lavage fluid (BALF) samples were collected from the patient and
sent to our microbiological laboratory for smear and culture and to Guangzhou Sagene Biotech Co., Ltd.
(Guangzhou, China) for mNGS. The smear and culture were negative. The mNGS analysis of the BALF identified
56 sequence reads uniquely corresponding to the T. pallidum genome, with 0.37% coverage (Figure 3). The details
of mNGS sequencing and analysis in the Guangzhou Sagene Biotech Co., Ltd were provided in Supplementary
Materials. Combining with clinical manifestations and laboratory data, the diagnosis of secondary syphilis with
pulmonary involvement was supported. Benzathine penicillin G (2.4 million units 3 doses, 1 dose per week x 3
weeks) was administered intramuscularly. After one month, the CT scan showed that pleural effusion disappeared
and pneumonia was resolved (Figure 4). The TRUST titer decreased to 1:16.

Figure 2 (A) Arrow shows mediastinal adenopathy, and (B) arrow shows mild left pleural effusion.
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Figure 3 A total of 56 DNA readings of Treponema pallidum in BALF, with coverage of 0.37%.

Figure 4 Chest CT after | month of treatment. (A) Arrow shows that pneumonia was resolved, and (B) arrow shows that pleural effusion disappeared.

Discussion
Secondary pulmonary syphilis is extremely rare. However, with the increasing number of patients with syphilis worldwide,

dozens of reports revealed pulmonary involvement in patients with secondary syphilis.>'' The PubMed was searched with
the keywords “syphilis”, “pulmonary”, and “lung” to identify case reports published in the English language up to
December 31, 2021. We identified 25 cases of secondary pulmonary syphilis in the literature. The characteristics of the
cases are provided in Table S1.

Among the 25 patients, the age at diagnosis ranged from 31 to 69 years old, and the number of males was 24. The
respiratory symptoms of secondary pulmonary syphilis involved chest pain, cough, dyspnea, and epigastric pain, and the
most common respiratory symptom was chest pain (11/24). The radiological presentation of secondary pulmonary
syphilis appeared as nodule, infiltration, consolidation with pleural effusion, and adenopathy. The most common chest

imaging manifestation was nodule.
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For the diagnosis of secondary pulmonary syphilis, obtaining an ideal sample has not been standardized. Coleman
reported that the criteria to diagnose secondary pulmonary syphilis include history and clinical findings, positive
serologic test results, radiographic pulmonary abnormalities excluding other pulmonary diseases, and therapeutic
response to antisyphilis treatment.” However, the criterion to diagnose secondary pulmonary syphilis is exclusive.
Differential diagnosis, such as primary or metastatic cancer, mycotic or bacterial abscess formation, sarcoidosis, and
tuberculosis, should be considered.'*** A direct evidence of secondary pulmonary syphilis is especially important. Some
studies reported that polymerase chain reaction (PCR) of BALF samples, bronchial aspirate, transbronchial biopsy
(TBB), or computed tomography-guided percutaneous needle aspiration (CTNA) are useful for the diagnosis of
secondary pulmonary syphilis.3 13,1626 A study showed that immunohistochemistry (IHC) allows the visualization of
treponemes in BALF in one patient.’ In one case, a small number of spirochetes were found in the pleural sample.”* With
the development of molecular biology, an increasing number of researchers studied the performance of mNGS in
microbial detection. A study demonstrated that mNGS can detect pathogens, which are difficult to culture, especially
for viruses and atypical pathogens, thereby solving the shortcomings of traditional culture methods.?” In our case, the
results of mNGS in BALF samples showed the presence of T. pallidum. Thus, the diagnosis of secondary syphilis with
pulmonary involvement was confirmed.

Penicillin is the treatment of choice for secondary pulmonary syphilis, and the WHO STI guideline recommends
benzathine penicillin G. Other alternatives for patients include oral doxycycline, ceftriaxone, oral amoxicillin plus
probenecid, and azithromycin.! In our case, we treated the patient with benzathine penicillin G (2.4 million units 3
doses, 1 dose per week x 3 weeks) intramuscularly. After one month, a repeated CT scan showed radiological resolution.

To our knowledge, this is the first case of secondary pulmonary syphilis diagnosed by mNGS in BALF. This case showed
that mNGS could be a useful method for the diagnosis of pulmonary involvement of secondary syphilis. Physicians should be
aware of secondary syphilis with pulmonary involvement in the event of respiratory symptoms or lung radiological changes.
The diagnosis should be confirmed by applying mNGS, PCR, or IHC in BALF, pleural fluid, or lung tissue.

Abbreviations
mNGS, metagenomic next-generation sequencing; BALF, bronchoalveolar lavage fluid; PCR, polymerase chain reaction;
TBB, transbronchial biopsy; CTNA, computed tomography-guided percutanecous needle aspiration, IHC,
immunohistochemistry.
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