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Objective: To comprehensively assess the global burden of syphilis and related risk factors over 1990–2021, forecast future disease trends, and understand the impact of syphilis on global health.

Methods: Global Burden of Disease Study 2021 (GBD 2021) data were used for age-, sex-, and region-stratified analysis of the numbers and age-standardized rates (per 100,000 population) of syphilis incidence, prevalence, deaths, and disability-adjusted life years (DALYs). Next, a differential analysis of syphilis risk factors was performed. Finally, trends for years after 2021 were predicted using Bayesian age–period–cohort (BAPC) prediction models.

Results: In 2021, the total number of syphilis prevalence globally was 70,541,482.80 (95% uncertainty interval: 54,910,897.66–88,207,651.97), with the highest numbers noted in Central Sub-Saharan Africa [4,622.60 (95% uncertainty interval: 3,591.97–5,753.45)]. Over 1990–2021, the global age-standardized prevalence and incidence rates increased, whereas the age-standardized death and DALY rates decreased. Among all groups, infants aged <5 years demonstrated the highest age-standardized DALY rates. Moreover, the lower the sociodemographic index (SDI), the higher was the age-standardized rate. The primary factor contributing to syphilis disease burden was identified to be unsafe sex. BAPC analysis revealed an overall increase in age-standardized prevalence rate in the <5-year age group over 1990–2035, and the highest age-standardized prevalence rate occurred in the 25–34-year age group.

Conclusion: Between 1990 and 2021, syphilis occurrence and prevalence increased consistently. Projections indicated a continual increase in syphilis incidence in children aged <5 years, and age-standardized prevalence rates were the highest in adults aged 25–34 years. Our results regarding the epidemiological trends of syphilis and its variations across regions, age groups, and sexes may aid policymakers in addressing the global impact of the disease effectively.
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1 Introduction

Syphilis is a chronic, multistage disease caused by Treponema pallidum, which can infect any organ in the human body and lead to diverse clinical outcomes (1). During the primary stage of the disease, chancres (i.e., primary lesions) typically form in the genital or anal area; they are usually painless, firm, and round and often go unnoticed (2). In the secondary stage, numerous symptoms primarily related to the skin may occur, which may include rashes often appearing on the palms of the hands and the soles of the feet, mucous membrane lesions, and generalized lymphadenopathy (2, 3). After a latency period lasting over decades, the disease may progress to the tertiary stage, affecting various organs. The tertiary stage may result in severe conditions including gummas (i.e., soft, tumor-like growths), cardiovascular syphilis (e.g., aortitis), and neurosyphilis (affecting the nervous system, potentially leading to paralysis, dementia, and sensory deficits) (2, 4).

Syphilis, which can be transmitted through sexual contact or vertically from mother to child, has a high prevalence in low-and middle-income countries (5). Globally, most syphilis cases occur in Sub-Saharan Africa, Southeast Asia, and South America, where congenital syphilis remains a major concern, accounting for up to 50% of all stillbirths (6). Syphilis prevalence is particularly high in Sub-Saharan Africa, where prenatal syphilis screening coverage is inadequate (7). Recent studies have indicated an increase in syphilis incidence, particularly among men who have sex with men (MSM) in high-and middle-income countries (5, 8). Moreover, syphilis incidence among women is increasing, which has led to an increase in congenital syphilis prevalence (9).

Syphilis is currently a major cause of adverse pregnancy outcomes in low-and middle-income countries (8). In developing countries, syphilis also contributes to hundreds of thousands of stillbirths and neonatal deaths annually (8). The World Health Organization (WHO) estimated 19.9 million cases of syphilis among people aged 15–49 years, with 6.3 million new cases, in 2016. The WHO has set a goal of a 90% reduction in global syphilis incidence by 2030 and a 50% reduction in congenital syphilis cases per 100,000 live births in 80% percent of affected countries (1, 10).

The occurrence of syphilis varies across countries and regions, with most new cases occurring in low-and middle-income countries. Among these, pregnant women in Africa bear the highest burden (8). In the United States, 2021 data revealed a significant increase in the number of syphilis cases, with more than 171,000 reported cases across all stages, indicating a 68% increase in prevalence compared with that in 2017. Moreover, a 28% increase occurred in syphilis case numbers from 2020 to 2021, highlighting the persistent public health challenge posed by syphilis, even during the COVID-19 pandemic (9).

Analysis of up-to-date statistics is essential for effective prevention, control, and treatment of infectious diseases, such as syphilis. The Global Burden of Diseases, Injuries, and Risk Factors Study 2021 (GBD 2021), a comprehensive epidemiological study conducted globally, assessed mortality and years of life lost (YLLs) across 288 causes of death, stratified by age, sex, location, and year, in 204 countries and territories, as well as 811 subnational regions, over 1990–2021 (11). In the present study, we used GBD 2021 data to retrospectively analyze the disease burden of syphilis worldwide to provide the most current estimates for ongoing epidemiological research on syphilis.



2 Methods


2.1 Data sources

We retrospectively analyzed GBD 2021 data, available at https://vizhub.healthdata.org/gbd-results/. GBD 2021 analyzed disease and injury burden by estimating years lived with disability (YLDs), YLLs, disability-adjusted life years (DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries using 100,983 data sources (12). The data sources included various platforms, including vital registration systems, verbal autopsies, censuses, household surveys, disease-specific registries, and health service contact data (12). DALYs were calculated as the sum of YLLs and YLDs (13).

In the current study, we also analyzed the burden across different sociodemographic index (SDI) quintiles. SDI is a composite measure representing the geometric mean of lag-distributed income per capita, average years of schooling, and fertility rate among females aged <25 years in a specific location. SDI scores range from 0 to 100, with 0 indicating the lowest income, fewest years of schooling, and highest fertility and 100 indicating the highest income, most years of schooling, and lowest fertility (12).



2.2 Statistical analysis

Estimation methods used in GBD 2021 have been summarized previously (11, 12, 14). GBD 2021 used the Bayesian DisMod-MR 2.1 model, which provided a 95% uncertainty interval (95% UI) for each estimate.

In the current study, all statistical analyses and visualizations were conducted using R version 4.2.1 [R Core Team (2021)]. We employed incidence, prevalence, deaths, DALYs, and age-standardized rates (per 100,000 population) to describe the global disease burden of syphilis, stratified by regions, sexes, and age groups. Moreover, Bayesian age–period–cohort (BAPC) prediction models were used to estimate future syphilis prevalence. Finally, the major risk factors for syphilis over 1990–2021 were analyzed.




3 Results


3.1 Global burden of syphilis

From 1990 to 2021, the global disease burden of syphilis increased significantly in terms of age-standardized prevalence and incidence rates (Figures 1A,B). In contrast, age-standardized death and DALY rates decreased (Figures 1C,D). In 2021, age-standardized DALY rates for syphilis were lower in female individuals than in male individuals (Figures 1A–D).
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FIGURE 1
 Age-standardized syphilis prevalence (A), incidence (B), death (C), and DALY (D) rates (per 100,000 population) over 1990–2021.


Syphilis prevalence numbers increased from 45,459,660.64 (95% UI: 36,008,443.28–56,513,622.10) in 1990 to 70,541,482.80 (95% UI: 54,910,897.66–88,207,651.97) in 2021, representing an increase of 25,081,822.16 (95% UI: 18,902,454.38–31,694,029.875). Furthermore, age-standardized prevalence rates increased from 846.29 (95% UI: 672.18–1,049.61) in 1990 to 881.60 (95% UI: 689.36–1,108.11) in 2021, indicating an increase of 35.31 (95% UI: 17.18–58.50; Table 1). Syphilis incidence numbers increased from 11,974,753.64 (95% UI: 8,932,531.75–1,555,536.31) in 1990 to 18,696,009.14 (95% UI: 114,033,725.79–24,331,643.87) in 2021, demonstrating in an increase of 6,721,255.50 (95% UI: 5,101,194.04–8,776,274.56). Moreover, age-standardized incidence rates increased from 216.93 (95% UI: 163.26–280.24) in 1990 to 235.47 (95% UI: 176.40–307.43) in 2021, indicating an increase of 18.54 (95% UI: 13.14–27.19; Table 1).



TABLE 1 Numbers and age-standardized rate (per 100,000 population) of syphilis prevalence, incidence, deaths, and DALYs in 2021, stratified by SDI and global disease burden in each region over 1990–2021.
[image: Table1]

Syphilis deaths numbers decreased from 89,416.20 (95% UI: 34,514.83–172,155.23) in 1990 to 74,705.62 (95% UI: 29,410.04–146,947.03) in 2021, demonstrating a decrease of 14,710.58 (95% UI: 5,104.79–25,208.20). Age-standardized death rates also decreased from 1.42 (95% UI: 0.56–2.75) in 1990 to 1.19 (95% UI: 0.47–2.36) in 2021, indicating a decrease of 0.23 (95% UI: 0.09–0.39; Table 1). Syphilis DALY numbers increased from 89,416.20 (95% UI: 34,514.83–172,155.23) in 1990 to 74,705.62 (95% UI: 29,410.04–146,947.03) in 2021, resulting in a decrease of 14,710.58 (95% UI: 5,104.79–25,208.20). Age-standardized DALY rates also decreased from 126.18 (95% UI: 48.91–240.98) in 1990 to 107.13 (95% UI: 41.76–212.11) in 2021, indicating a decrease of 19.05 (95% UI: 7.15–28.87; Table 1).



3.2 Regional burden of syphilis

In 2021, the age-standardized syphilis incidence rate (per 100,000 population) was the highest in Central Sub-Saharan Africa [1,266.92 (95% UI: 956.83–1,630.00)], followed by Eastern Sub-Saharan Africa region [725.34 (95% UI: 552.38–926.90)] and Southern Sub-Saharan Africa [623.40 (95% UI: 467.28–812.80)]. In contrast, it was the lowest in Central Europe [47.27 (95% UI: 34.83–61.78)], preceded by Eastern Europe [53.91 (95% UI: 40.30–70.54)] and Central Asia [62.51 (95% UI: 47.21–81.90)]. The age-standardized syphilis prevalence rate was the highest in Central Sub-Saharan Africa [4,622.60 (95% UI: 3,591.97–5,753.45)], followed by Eastern Sub-Saharan Africa [2,794.83 (95% UI:2,222.66–3,495.64)] and Southern Sub-Saharan Africa [2,549.28 (95% UI: 2,025.73–3,213.08)]. In contrast, it was the lowest Central Europe region [160.74 (95% UI: 121.83–203.00)], preceded by Eastern Europe [189.58 (95% UI: 145.24–239.57)] and Central Asia [218.38 (95% UI: 167.51–273.34)]. The age-standardized syphilis death rate was the highest in Central Sub-Saharan Africa [3.74 (95% UI: 1.45–7.24)], followed by Eastern Sub-Saharan Africa [3.20 (95% UI: 1.31–6.35)] and Southern Sub-Saharan Africa [2.87 (95% UI:1.13–5.96)]. In contrast, it was the lowest in high-income North America [0.01 (95% UI: 0.01–0.01)] and Australasia [0.01 (95% UI: 0.01–0.01)], preceded by Central Europe [0.02 (95% UI: 0.01–0.04); Table 1]. The age-standardized syphilis DALY rate was the highest in Central Sub-Saharan Africa [332.90 (95% UI: 131.12–647.20)], followed by Eastern Sub-Saharan Africa [283.39 (95% UI: 116.36–563.39)] and Southern Sub-Saharan Africa [256.15 (95% UI: 100.69–533.06)]. In contrast, it was the lowest in Australasia [0.42 (95% UI: 0.34–0.53)], preceded by high-income North America [0.78 (95% UI: 0.64–0.96)] and Eastern Europe [1.45 (95% UI: 1.22–1.71); Table 1].

Figures 2A,B compares the observed global age-standardized DALY rates and the expected SDI in each region. Over 1990–2021, Central Sub-Saharan Africa and Southern Sub-Saharan Africa demonstrated significant changes. Moreover, Oceania, the Caribbean, Central Sub-Saharan Africa, and Southern Sub-Saharan Africa had higher than expected SDI levels (Figure 2A). Most medium SDI regions demonstrated varied patterns over 2009–2021, with some regions remaining well below the expected levels, whereas others remaining well above the expected levels.
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FIGURE 2
 (A) Age-standardized syphilis DALY rates globally and in 21 disease-burden regions stratified by SDI over 1990–2021. The expected age-standardized rates in 2021, based solely on SDI, are represented by the black line. For each region, points from left to right depict estimates for each year from 1990 to 2021. (B) Age-standardized syphilis DALY rates in 204 countries by SDI in 2021. The expected age-standardized rates in 2021, based solely on SDI, are represented by the black line.




3.3 National burden of syphilis

In 2021, the following three countries demonstrated the highest age-standardized syphilis prevalence rates: Central African Republic [5,272.60 (95% UI: 4,211.16–6,584.16)], Equatorial Guinea [4,959.14 (95% UI: 3,816.33–6,196.37)], and Democratic Republic of the Congo [4,677.81 (95% UI: 3,635.61–5,795.34)]. In contrast, Slovenia [143.92 (95% UI: 107.09–185.74)], Slovakia [139.62 (95% UI:105.27–175.79)], and Bulgaria [129.42 (95% UI: 96.44–166.53)] exhibited the lowest age-standardized syphilis prevalence rates (Figure 3A; Supplementary Table S1).
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FIGURE 3
 Global age-standardized prevalence (A), incidence (B), death (C), and DALY (D) rates (per 100,000 population) in 2021 in 204 countries and territories.


In terms of age-standardized syphilis incidence rates, the top three countries were Equatorial Guinea [1358.92 (95% UI: 1,025.63–1,773.72)], Central African Republic [1,319.54 (95% UI: 1,008.39–1,701.85)], and Democratic Republic of the Congo [1,282.99 (95% UI: 964.13–1,658.13)]. In contrast, Croatia [44.96 (95% UI:33.66–58.70)], Slovakia [942.52 (95% UI: 31.77–55.09)], and Bulgaria [41.00 (95% UI: 30.59–53.14)] exhibited the lowest age-standardized syphilis incidence rates (Figure 3B; Supplementary Table S1).

In terms of age-standardized syphilis death rates, the top three countries were South Sudan [7.08 (95% UI: 2.76–14.61)], the Central African Republic [4.86 (95% UI: 1.97–9.53)], and Liberia [4.70 (95% UI:1.82–9.61)]. In contrast, Poland [0.0019 (95% UI: 0.0015–0.0026)] demonstrated the lowest age-standardized syphilis death rates, preceded by Malta [0.0023 (95% UI: 0.0018–0.0029)] and Sweden [0.0032 (95% UI: 0.0026–0.0040)] (Figure 3C; Supplementary Table S1).

Finally, in terms of age-standardized syphilis DALY rates, the top three countries were South Sudan [628.48 (95% UI: 240.55–1,292.40)], the Central African Republic [432.80 (95% UI:175.39–847.94)] and Liberia [422.51 (95% UI: 160.30–864.57)]. In contrast, Sweden [0.22 (95% UI: 0.16–0.33)] had the lowest age-standardized syphilis DALY rates, preceded by Malta [0.13 (95% UI: 0.09–0.21)] and Croatia [0.19 (95% UI: 0.14–0.27); Figure 3D; Supplementary Table S1].



3.4 Age-specific burden of syphilis

Among all age groups, infants aged <5 years demonstrated the highest age-standardized DALY rates [985.70 (95% UI: 370.99–1973.98)]. In particular, female and male infants aged <5 years exhibited age-standardized DALY rates of 921.72 (95% UI: 350.72–1874.78) and 1045.58 (95% UI: 389.39–2108.05), respectively (Figure 4).
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FIGURE 4
 Age-standardized DALY rates (per 100,000 population) stratified by sex for different age groups in 2021.




3.5 Risk factors

In 2021, unsafe sex was the syphilis risk factor attributable to the largest population of all ages (Figure 5). The percentage of syphilis cases attributable to unsafe sex varied by region, with high SDI areas demonstrating significantly higher rates than other areas. Moreover, among the 21 disease-burden regions, high-income North America, Australasia, and Eastern Europe demonstrated the highest contribution rates.
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FIGURE 5
 Percentages of age-standardized DALY rates (per 100,000 population) attributable to different regions in 2021 for various risk factors.




3.6 BAPC analysis

BAPC prediction models indicated an overall increase in age-standardized syphilis prevalence rates from 1990 to 2035 for the <5-year age group, with an initial decline followed by an increase for the 5–19-year age group. The highest age-standardized syphilis prevalence rates occurred in the 25–34-year age group. The forecast results demonstrated a relatively stable trend of age-standardized prevalence rates from 2021 to 2035 for the 20–29-and 75–79-year age groups; however, a smaller decline was noted for the 20–39-and > 80-year age groups. The 40–44-and 55–59-year age groups demonstrated an upward trend, followed by a gradual downward trend. The 45–49-year age group demonstrated a decrease at first, followed by a gradual increase. The 65–74-year age group demonstrated a gradual increase. The 50–54-year age group demonstrated the trend of an initial increase, followed by a decline and then an increase again. Finally, the 60–64-year age group demonstrated an initial increase, followed by a decrease (Figure 6).
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FIGURE 6
 Trends in age-standardized prevalence rates from 2019 to 2035, predicted using BAPC prediction models.





4 Discussion

In this study, we utilized publicly available modeling data and methods from GBD 2021 to provide the most up-to-date, comprehensive information regarding syphilis incidence, prevalence, death, and DALY rates in 204 countries and territories over 1990–2021. Our results facilitated estimation of the impact of syphilis on global health. The GBD 2021 results demonstrated an increase in global age-standardized incidence and prevalence rates, largely attributable to advancements in treatment strategies for syphilis. In particular, penicillin has remained the primary treatment modality for syphilis since 1943, making the disease effectively treatable (15).

The GBD 2021 results demonstrated that in 2021, the age-standardized DALY rates were higher in male individuals than in female individuals, possibly because of an increase in the MSM population (16). Several scholars have examined the relationship between MSM and syphilis development in different regions (17, 18). Globally, MSM may account for a large proportion of syphilis cases (19). In the United States, the prevalence of primary and secondary syphilis is highest among MSM, particularly those younger and from minority groups (20). Similarly, in Western Europe, MSM constitute the majority of primary and secondary syphilis cases and represent the group with the highest syphilis risk (19). Since 2000, the case numbers of MSM with syphilis have increased significantly in most Western countries (21). To address this issue, implementation of multiple strategies, including strengthening and targeting current syphilis screening and detection programs and providing timely treatment for syphilis cases, is highly warranted. The global distribution of syphilis varies significantly, with the burden being predominant in African regions. The reasons for these differences may be closely related to factors such as socioeconomic status, educational level, extent of sexual health knowledge dissemination, and unequal medical resource distribution (22).

Our findings revealed that infants aged <5 years had the highest age-standardized DALY rates among all age groups. Recent research has demonstrated a notable increase in the number of syphilis cases among women of childbearing age since 2013, consequently leading to an increase in congenital syphilis prevalence (23, 24). According to WHO data, congenital syphilis prevalence was 0.69%, with 473 cases per 100,000 live births, in 2016. Notably, syphilis is the second leading cause of stillbirths, after malaria (16). Most syphilis infections occur in newborns and infants due to fetal infection resulting from maternal spirochetemia. Congenital syphilis significantly contributes to fetal and neonatal mortality worldwide, leading to stillbirths, miscarriages, preterm births, birth defects, and lifelong physical or neurological impairments. The only recommended treatment for syphilis during pregnancy is benzathine penicillin G use (25, 26). The increase in the number of syphilis cases during pregnancy is attributable to various factors, including changes in sexual behavior, an increase in travel and migration, limited availability of healthcare opportunities (particularly in terms of access to prenatal care), and limited awareness and education regarding maternal and obstetric services (27). A single prenatal syphilis screening may be inadequate, and more frequent testing during pregnancy is therefore necessary, even for women at a relatively low risk (28). Global authorities and guidelines from most countries recommend syphilis screening at the first prenatal visit; in some countries, additional screening of high-risk women in late pregnancy and at delivery to identify new infections is recommended.

The disease burden of syphilis in the elderly population remains a concern. GBD 2021 data demonstrated that among all older adults (aged >60), the syphilis disease burden was the highest in the 75–79-year age group. Several studies have discussed the prevalence of syphilis in older age groups. For instance, a study in Brazil explored syphilis detection rates among older adults and noted that the rate increased approximately sixfold over 2011–2019, with an average annual growth of 25% (28). The high age-standardized DALY rates observed in the elderly population may be attributable to various physiological, psychological, and emotional changes occurring in modern times. Furthermore, older adults often lack knowledge regarding sexual health, which leads them to neglect condom usage. This consequently increases syphilis transmission and infection in this population (29).

In the current study, unsafe sex was noted to be the primary risk factor for syphilis. However, the epidemiology of syphilis and the factors influencing it are complex; they include social factors, sexual education levels, medical resource allocation, and infectious disease prevention and control policy effectiveness. Syphilis infection is associated with certain behaviors and factors, such as incarceration, multiple or anonymous sexual partners, illegal drug use, and seeking sexual partners through high-risk networks (e.g., dating apps) (8). In some regions, poverty and limited medical resources may also contribute to higher syphilis infection rates. Moreover, a lack of sexual health education can render individuals without the knowledge necessary for syphilis prevention and treatment. Although syphilis can be diagnosed easily and treated using inexpensive antibiotics, it remains a major global health issue. Therefore, the development of syphilis control and prevention measures, including screening and treatment for all pregnant women and targeted interventions for high-risk populations, is warranted. Nevertheless, ongoing studies are focused on vaccine development, antibiotic prophylaxis, and digital information delivery as syphilis-preventive strategies (16).

The present study, for the first time, provides the most recent estimation of the global epidemiology of syphilis, covering 204 countries, 21 disease-burden regions, and 5 SDI regions, which had not been assessed before. However, because of a lack of comprehensive data, we could not perform an exhaustive analysis. Not all syphilis cases are reported to authorities by physicians diagnosing the disease (30). Moreover, syphilis may present with atypical manifestations that potentially remain unrecognized by less-experienced physicians, resulting in misdiagnosis and underreporting (31, 32).



5 Conclusion

The present results based on GBD 2021 data improve the current understanding of the global epidemiology of syphilis and provide crucial data to support the development of targeted prevention and control measures. Although various effective treatment modalities for syphilis are available clinically, early detection and control of relevant risk factors remain essential strategies for transmission prevention.
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