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Abstract

Since 2009, syphilis has been increasing in New York State (NYS) excluding New York City

(NYC) among men with a history of male-to-male sexual contact (MSM). Because MSM make

up a disproportionate number of new HIV infections, this study aims to: 1) establish yearly rates

of early syphilis diagnosis, 2) assess factors associated with early syphilis diagnosis, and 3)

describe missed opportunities for earlier diagnosis of syphilis among MSM living with diag-

nosed HIV(MSMLWDH) in NYS, excluding NYC. A cohort of adult MSMLWDH alive in 2013

were followed through 2016 to identify individuals with at least one early syphilis diagnosis

between July 2014 and December 2016. Early syphilis diagnosis rates were calculated for

2015 and 2016. Crude relative risks and 95% confidence intervals were calculated to determine

associations between available covariates and both syphilis diagnosis and missed opportuni-

ties. Missed opportunities were defined as reports of an HIV-related laboratory test within a

given window corresponding to syphilis staging where syphilis testing was not performed at the

same time. Of 7,512 MSMLWDH, 50.0% were non-Hispanic white, 85.4% aged�35, and 320

(4.3%) had an early syphilis diagnosis. Yearly rates were: 1,838/100,000, and 1,681/100,000 in

2015 and 2016, respectively. Persons who were non-Hispanic black, living with diagnosed HIV

for less than three years, aged <45, and were always virally suppressed or always in HIV care

were significantly more likely to have a syphilis diagnosis. Over half of individuals had evidence

of a missed opportunity for earlier syphilis diagnosis. Syphilis stage at diagnosis, older age, and

syphilis diagnosis not concurrent with an HIV-related laboratory test were associated with a

higher likelihood of having a missed opportunity. This study supports high interrelatedness of

the syphilis and HIV epidemics among MSM. Since syphilis can impact HIV viral load suppres-

sion status, efforts to end the HIV epidemic need to be coupled with syphilis elimination efforts.
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Introduction

The rate of diagnosis of HIV infection has been declining in the United States, falling 10%

between 2012 and 2016.[1] Most people newly diagnosed with HIV are men who report a his-

tory of male-to-male sexual contact (MSM), who have an estimated 1 in 6 lifetime risk of

acquiring HIV.[1, 2] Similarly, MSM continue to experience the highest estimated prevalence

of HIV compared to people with other reported transmission categories.[1, 3] Black and His-

panic MSM are particularly disproportionately impacted, with 1 in 2 black MSM, and 1 in 5

Hispanic/Latino MSM having an estimated lifetime risk of acquiring HIV compared to 1 in 11

white MSM.[2] In New York State (NYS), excluding New York City (NYC), there are more

people diagnosed with HIV who indicated a history of MSM than all other HIV risk groups

combined and rates of new HIV diagnoses among non-Hispanic black and Hispanic individu-

als were 7.2 and 5.4 times higher, respectively, than the rate for non-Hispanic white individu-

als.[4]

Rates of primary and secondary syphilis, the most infectious stages of syphilis, have been

increasing in the United States almost every year since reaching a historic low in 2000, and

increased 10.5% from 2016 to 2017 alone.[5, 6] While rates are increasing among both males

and females, and across all racial/ethnic groups, males accounted for 90% of all primary and

secondary syphilis diagnoses in 2017, and rates among non-Hispanic black individuals were

4.5 times higher than non-Hispanic white individuals, mirroring the disparities observed for

HIV.[5] Roughly 80% of males whose case surveillance record included information on the sex

of sex partners reported having intercourse with males.[5] Estimated primary and secondary

syphilis rates among MSM greatly exceed those of men who report having sex with women

only (309.0 per 100,000 compared to 2.9 per 100,000 in 2015).[7, 8] Non-Hispanic black MSM

are also disproportionately impacted with respect to primary and secondary syphilis (604.3 per

100,000 compared to 170.0 per 100,000 among non-Hispanic white MSM).[7, 8] The number

of early latent syphilis diagnoses, defined as a latent stage of syphilis where the infection

occurred within the past year, has also reached new highs with a 17.6% increase from 2016–

2017.[5] NYS, excluding NYC, is seeing comparable statistics with a 4.9% increase of primary

and secondary syphilis from 2016 to 2017, 90.9% of primary and secondary diagnoses in 2017

among males, and rates among non-Hispanic black individuals six times higher than rates

among non-Hispanic white individuals.[9] Early latent syphilis diagnoses increased 16.8%

from 2016 to 2017 in NYS, excluding NYC.[9]

The links between syphilis and HIV are well established from both clinical and epidemio-

logic perspectives. Multiple studies have shown that syphilis infection, and/or co-infection

with other sexually transmitted infections (STIs) (i.e. herpes, chancroid) can facilitate HIV

acquisition and transmission.[10–17] Among MSM, syphilis infection has been shown to

increase the risk of HIV acquisition between 2 and 3 fold.[18] One study found that 1 in 20

MSM diagnosed with primary or secondary syphilis was subsequently diagnosed with HIV

within a year of their syphilis diagnosis.[19] Rates of incident syphilis have also been shown to

be high among MSM living with diagnosed HIV (MSMLWDH).[20–22] Specifically among

persons living with diagnosed HIV (PLWDH) syphilis infection may increase HIV viral load

and decrease CD4 count, though study findings suggest antiretroviral therapy (ART) adher-

ence may mitigate these effects.[23–27] For these reasons, medical guidelines and recommen-

dations call for screening PLWDH for syphilis, with more frequent screening recommended

for those at highest risk of syphilis infection.[28–33]

Despite screening recommendations, some evidence suggests there are opportunities for

improving the percentage of PLWDH who receive syphilis screening. According to data from

the United States-based Medical Monitoring Project, only 71% of sexually active MSMLWDH
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had evidence of being tested for syphilis in the past year.[15] In NYS excluding NYC, only

about 60% of PLWDH�19 years of age enrolled in Medicaid were screened for syphilis in the

past year.[34]

Early syphilis, defined as a syphilis infection less than one-year in duration, includes primary,

secondary, and early latent syphilis diagnoses. Roughly 30% of early syphilis diagnoses reported

annually in NYS excluding NYC are among PLWDH; among males in NYS diagnosed with early

syphilis, over 80% report having sex with males.[9, 35] Increases in syphilis, if unaddressed, have

the potential to undermine efforts to end the HIV epidemic. Since a significant percentage of

newly diagnosed early syphilis cases are among PLWDH, this group represents a priority popula-

tion with respect to syphilis testing, treatment, and prevention of onward transmission.

In NYS excluding NYC, the degree to which early syphilis is being diagnosed among

MSMLWDH and the timeliness of that diagnosis are not well understood. Therefore, the aims

of this study were to: 1) establish the yearly rate of early syphilis diagnosis in the cohort, 2)

assess factors associated with early syphilis diagnosis, and 3) describe missed opportunities for

earlier detection of syphilis among those diagnosed with syphilis among MSMLWDH in NYS,

excluding NYC.

Methods

Study population

Persons eligible for inclusion were males meeting the Centers for Disease Control and Prevention

(CDC) HIV case definition as of January 1, 2013, who were over the age of 18 years as of January

1, 2014, with a reported history of male-to-male sexual contact, whose residential address was

never documented to be outside of NYS excluding NYC from 2013 through 2016, and whose

vital status indicated they were alive at the end of 2016. Males were categorized as MSM if they

had ever reported MSM behavior prior to HIV acquisition.[36] All HIV-related data were

extracted from NYS and NYC health departments’ enhanced HIV/AIDS Reporting Systems

(eHARS), which includes all HIV-related laboratory test results for persons living or receiving

HIV care in NYS. Because NYS and NYC eHARS are not linked, information was extracted from

both eHARS to capture all available information. In accordance with NYS Public Health Law, cli-

nicians must report all new or previously unreported diagnoses of HIV infection, AIDS or HIV

illness within 14 days of diagnosis to the NYS Department of Health (NYSDOH).[37, 38]

Employing a retrospective cohort study design, this cohort of individuals living with diag-

nosed HIV was matched to early syphilis diagnoses reported to the NYS Communicable Dis-

ease Electronic Surveillance System (CDESS) between July 1, 2014 to December 31, 2016. The

study follow-up time was selected to increase the probability that the syphilis infection, regard-

less of when it was reported to CDESS, occurred after an individual’s HIV diagnosis; individu-

als included in the study had to be diagnosed with HIV for at least one year prior to the start of

the July 1, 2014 follow-up. Early syphilis diagnoses were defined as diagnoses meeting CDC

case definitions for primary, secondary, or early latent syphilis, and were staged per CDC case

definition at the time of the diagnosis (reflecting the results of laboratory data, physical exami-

nation, and partner services investigation information).[39] Persons from the cohort who

matched to at least one early syphilis diagnosis during the follow-up period were defined as

having had a subsequent early syphilis diagnosis. For persons with multiple syphilis diagnoses,

only the first diagnosis was included.

Statistical analysis

Yearly diagnosis rates of early syphilis among cohort of adult MSMLWDH. Yearly

unadjusted rates of early syphilis diagnosis per 100,000 MSMLWDH in NYS excluding NYC
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were calculated for calendar years in which full years of data were available. Yearly rates were

calculated for 2015 and 2016 by dividing the number of early syphilis diagnoses each year by

the study population and presented as a rate per 100,000 persons per year; for the 2016 rate,

diagnoses in 2015 were removed from the study population. Rates for 2014 were not calculated

because early syphilis diagnoses were only matched for the second half of the year.

Associations with diagnosis of early syphilis among cohort of adult MSMLWDH.

Bivariate and multivariable analyses were conducted to determine associations between avail-

able covariates and subsequent early syphilis diagnosis. For the bivariate analysis, unadjusted

risk ratios (RRs) and 95% confidence intervals (CIs) were calculated for all individual- and

zip-code-level covariates. Only covariates significantly associated with the outcome in the

bivariate analyses were included in the multivariable analysis. The final multivariable model

was restricted to covariates that remained significant at a significance level of<0.05 and were

not highly collinear. Collinearity was assessed by calculating the variance inflation factor (VIF)

for all variables considered for inclusion in the multivariable model. Available covariates

included: race/ethnicity, age, duration of HIV positive status, HIV care status, HIV viral load

suppression status, and socioeconomic variables. All demographic and HIV-related outcome

variables were extracted from eHARS. Race/ethnicity was categorized as non-Hispanic white,

non-Hispanic black, Hispanic, or other. Age was defined as one’s age at the start of the study

period and was categorized into 10-year increments after the age of 24; age groups were

defined as follows: 18–24, 25–34, 35–44, and 45+. Ages higher than 45 were collapsed to one

category to ensure adequate cell sizes in the analysis.

Duration of HIV positive status was calculated as the difference in years from the initial

HIV diagnosis until the study start year of 2013. Presence of a CD4, HIV viral load, or HIV

genotype test result reported to the NYSDOH was used as a proxy for HIV care. HIV care sta-

tus from January 1, 2013 to December 31, 2016 was defined as: 1) always in care: presence of at

least one HIV-related laboratory test per year of follow-up (i.e. HIV-related laboratory testing

collection dates� 13 months apart); 2) sometimes in care: at least one HIV-related laboratory

test during follow-up [i.e. HIV-related laboratory testing collection date(s) >13 months]; and

3) never in care: no evidence of an HIV-related laboratory test reported to the NYSDOH

within the study period. HIV care data prior to the start of follow-up was included to allow

individuals time to get into HIV care.

HIV viral load suppression status was defined using quantitative viral load results reported

from January 1, 2013 to December 31, 2016, and was categorized as follows: 1) always sup-

pressed: all viral loads reported during follow-up were<200 copies/mL, and the HIV viral

load laboratory test collection dates were�13 months apart, 2) sometimes suppressed: all viral

load test results reported during follow-up were <200 copies /mL but gaps of HIV care>13

months between tests, or any viral load test reported during follow-up was�200 copies /mL,

but there was at least one viral load test <200 copies/mL, and 3) never suppressed: no reported

viral load tests during follow-up were <200 copies/mL, or there were no reported viral load

test dates reported during follow-up.

Zip-code level socioeconomic factors included were: percent below poverty, percent unem-

ployed, and percent uninsured. These values were assigned to individuals based on their zip

code of residence in 2016. Socioeconomic measures were extracted from the American Com-

munity Survey’s 2016 five-year estimates and were categorized into quartiles.[40] The 2016 zip

code was used to allow for a more complete match to the American Community Survey.

Missed opportunities for syphilis diagnosis. People who had both evidence of any HIV-

related laboratory testing during the study period and a subsequent syphilis diagnosis were

assessed for missed opportunities for earlier syphilis diagnosis. Missed opportunities were

defined by the absence of a syphilis diagnosis on the same date as an HIV care visit, defined as
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an HIV-related laboratory test (i.e. CD4, HIV viral load, or HIV genotype test), within a given

window corresponding to syphilis staging as follows: for individuals diagnosed with secondary

syphilis, any HIV-related laboratory test from one week to three months prior to the secondary

syphilis diagnosis was defined as a missed opportunity for earlier syphilis detection.[39, 41]

For those diagnosed with early latent syphilis, HIV-related laboratory tests from one week to

six months prior to the syphilis diagnosis were defined as a missed opportunity.[39] These

time-bound cut points were chosen based on the natural course of syphilis infection.[42] The

presence or absence of a missed opportunity was determined for each person based on their

syphilis stage at diagnosis. Individuals diagnosed with primary syphilis, or those with no

reported HIV care dates, were excluded from the potential missed opportunity analysis.

Bivariate and multivariable associations between the following covariates and having a

missed opportunity were assessed: syphilis disease stage, race/ethnicity, age, duration of HIV

positive status, and syphilis diagnosis on same day as HIV care. HIV care and viral load sup-

pression status were not included in this analysis as covariates given that persons eligible for

this analysis were selected based upon receipt of HIV-related laboratory tests and would there-

fore introduce bias in measuring these covariates. Multivariable modeling methods for this

analysis mirrored those employed for examining the relationship between the listed covariates

and a subsequent early syphilis diagnosis.

All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). RRs were cal-

culated using “proc genmod.” This secondary data analysis was considered exempt from

human subject’s review by the NYSDOH Institutional Review Board.

Results

Study population

There were 7,512 MSMLWDH aged�18 years living in NYS from 2013–2016 included in this

cohort. Most individuals in this cohort were non-Hispanic white (3,755; 50.0%),�35 years of

age (6,419; 85.5%) and had been diagnosed with HIV for 7 or more years (5,381; 71.6%)

(Table 1). Less than half (3,302; 44.0%) of MSMLWDH in this cohort were always virally sup-

pressed, and two-thirds (4,982; 66.3%) had at least one HIV care date every 13 months. Over

half (4,339; 57.8%) of MSMLWDH lived in a zip code where more than 10.2% of people live

below poverty. MSMLDWH residing in a zip code with an unemployment rate higher than

9.2% made up 22.1% of the cohort, and 1,907 (25.4%) lived in zip code where more than 9.3%

of the population was uninsured. During the study period, 320 (4.3%) MSMLWDH had an

early syphilis diagnosis.

Yearly diagnosis rates of early syphilis among cohort of adult MSMLWDH. For the

years in which diagnosis rates were calculated, there were 137 early syphilis diagnoses in 2015,

and 123 in 2016. The yearly rates of early syphilis diagnosis were 1,838 per 100,000

MSMLWDH and 1,681 per 100,000 MSMLWDH in 2015 and 2016, respectively.

Associations with diagnosis of early syphilis among cohort of adult MSMLWDH.

Race/ethnicity, age, viral load suppression status, HIV care status, and duration of HIV infec-

tion were all significantly associated with a diagnosis of early syphilis (Table 1). Non-Hispanic

black MSMLWDH were 1.95 (95% CI: 1.49–2.55) times more likely to have an early syphilis

diagnosis than non-Hispanic white MSMLWDH. Age was inversely associated with early

syphilis diagnosis; persons 18–24 years of age were 5.74 (95% CI: 3.55–9.30) times more likely

to be diagnosed with early syphilis than those aged 45 and older. MSMLWDH who were cate-

gorized as always virally suppressed or always in HIV care during the study period were more

likely to have an early syphilis diagnosis [RR: 2.44 (95% CI:1.51–3.92) and RR 5.18 (95%

CI:2.57–10.40), respectively]. MSMLWDH for less than three years were 7.83 (95% CI: 5.38–
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Table 1. Descriptive analysis for cohort of adult males with a history of male-to-male sexual contact living with diagnosed HIV, and syphilis diagnosis status: New

York state excluding New York city, 2013–2016.

Total Syphilis

Diagnosis

No Syphilis Unadjusted Risk Ratio and 95% CL1 Adjusted Risk Ratio and 95% CL1

(n) col % (n) col % (n) col %

Total 7,512 - 320 - 7,192 - -

Race/Ethnicity

Non-Hispanic White 3,755 50.0% 122 38.1% 3,633 50.5% Ref. Ref.
Non-Hispanic Black 1,386 18.5% 88 27.5% 1,298 18.0% 1.95 (1.49–2.55) 1.44 (1.10–1.89)

Hispanic 1,434 19.1% 66 20.6% 1,368 19.0% 1.41 (1.05–1.89) 1.03 (0.77–1.39)

Other2 937 12.5% 44 13.8% 893 12.4% 1.44 (1.03–2.02) 1.19 (0.85–1.66)

Age Group3

18–24 137 1.8% 17 5.3% 120 1.7% 5.74 (3.55–9.30) 2.99 (1.77–5.05)

25–34 956 12.7% 110 34.4% 846 11.8% 5.33 (4.13–6.87) 2.94 (2.18–3.95)

35–44 1,281 17.1% 82 25.6% 1,199 16.7% 2.96 (2.24–3.92) 2.12 (1.59–2.84)

45+ 5,138 68.4% 111 34.7% 5,027 69.9% Ref. Ref.
Viral Load�200 c/ml

Always4 3,302 44.0% 132 41.3% 3,170 44.1% 2.44 (1.51–3.92) 3.36 (2.09–5.42)

Sometimes5 3,052 40.6% 169 52.8% 2,883 40.1% 3.37 (2.11–5.40) 3.60 (2.26–5.74)

Never6 1,158 15.4% 19 5.9% 1,139 15.8% Ref. Ref.
HIV Care Status

Always7 4,982 66.3% 225 70.3% 4,757 66.1% 5.18 (2.57–10.40) -

Sometimes8 1,611 21.4% 87 27.2% 1,524 21.2% 6.20 (3.02–12.70) -

Never9 919 12.2% 8 2.5% 911 12.7% Ref. -

Duration of HIV Positive Status

1–3 Years 1,098 14.6% 100 31.3% 998 13.9% 7.83 (5.38–11.4) 3.81 (2.50–5.81)

4–6 Years 1,033 13.8% 81 25.3% 952 13.2% 6.74 (1.48–9.92) 3.89 (2.56–5.91)

7–13 years 2,287 30.4% 103 32.2% 2,184 30.4% 3.87 (2.66–5.64) 2.90 (1.97–4.27)

Greater than 13 years 3,094 41.2% 36 11.3% 3,058 42.5% Ref. Ref.
Zip Code Percent Below Poverty

0% - 5.7% 1,100 14.6% 56 17.5% 1,044 14.5% 1.17 (0.86–1.59) -

5.7% - 10.2% 1,824 24.3% 69 21.6% 1,755 24.4% 0.86 (0.63–1.17) -

10.2% - 16.4% 1,445 19.2% 62 19.4% 1,383 19.2% 0.96 (0.68–1.34) -

16.4% and higher 2,894 38.5% 129 40.3% 2,765 38.4% Ref. -

Missing 249 3.3% 4 1.3% 245 3.4% - -

Zip Code Unemployment Rate

Below 4.4% 763 10.2% 35 10.9% 728 10.1% 0.95 (0.54–1.67) -

Between 4.4% and 6.5% 2,355 31.3% 82 25.6% 2,273 31.6% 0.93 (0.65–1.32) -

Between 6.5% and 9.2% 2,481 33.0% 128 40.0% 2,353 32.7% 1.09 (0.84–1.42) -

Higher than 9.2% 1,663 22.1% 70 21.9% 1,593 22.1% Ref. -

Missing 250 3.3% 5 1.6% 245 3.4% - -

Zip Code Percent Uninsured

Below 4.0% 1,006 13.4% 48 15.0% 958 13.3% 1.05 (0.73–1.49) -

Between 4.0% and 6.3% 1,893 25.2% 62 19.4% 1,831 25.5% 0.72 (0.52–1.01) -

Between 6.3% and 9.3% 2,458 32.7% 118 36.9% 2,340 32.5% 1.04 (0.77–1.39) -

Above 9.3% 1,907 25.4% 88 27.5% 1,819 25.3% Ref. -

(Continued)
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11.40) times more likely to be diagnosed with early syphilis than those who had been living

with HIV for greater than 13 years. Zip code level percent below poverty, percent unemploy-

ment, and percent uninsured were not significantly associated with early syphilis diagnosis

among MSMLWDH.

The final multivariable model included race/ethnicity, age, viral load suppression status,

and duration of HIV infection. HIV care status and viral load suppression status were collinear

(the VIF was 3.73 and 3.78 for HIV care status and viral load suppression status, respectively);

therefore, only viral load suppression status was retained for the final analysis. After adjusting

for all other variables in the model, non-Hispanic black MSMLWDH were 1.44 (95% CI: 1.10–

1.89) times more likely to have an early syphilis diagnosis than non-Hispanic white

MSMLWDH (Table 1). Those aged 18–24 were 2.99 (95% CI: 1.77–5.05) times more likely to

have an early syphilis diagnosis than those aged 45 or older. MSMLWDH who were catego-

rized as always virally suppressed during the study period were more likely to have an early

syphilis diagnosis [adjusted risk ratio (aRR): 3.36 (95% CI:2.09–5.42)] than those who were

never suppressed. Those living with HIV for less than three years were 3.81 (95% CI: 2.50–

5.81) times as likely to have a syphilis diagnosis than those living with HIV for more than 13

years.

Missed opportunities for syphilis diagnosis. Of the 320 MSMLWDH with an early syph-

ilis diagnosis, 261 were analyzed for missed opportunities for syphilis diagnosis during an HIV

care visit (excludes eight individuals with no HIV-related laboratory tests and 51 individuals

diagnosed with primary syphilis). Of individuals included in the analysis, 145 (55.6%) had at

least one missed opportunity for syphilis diagnosis during an HIV care visit (Table 2).

MSMLWDH diagnosed with early latent syphilis were 1.96 (95% CI: 1.48–2.58) times more

likely to have a missed opportunity than those diagnosed with secondary syphilis. Individuals

whose syphilis diagnosis date differed from their HIV care date were 1.28 (95% CI: 1.04–1.59)

times more likely to have a missed opportunity than those whose diagnosis occurred on the

same date as their HIV care. Race/ethnicity, age, and duration of HIV positive status were not

significantly associated with having a missed opportunity.

The final multivariable model included disease stage at diagnosis and whether the syphilis

diagnosis occurred on the same day as an HIV care visit. After adjusting for other variables,

Table 1. (Continued)

Total Syphilis

Diagnosis

No Syphilis Unadjusted Risk Ratio and 95% CL1 Adjusted Risk Ratio and 95% CL1

(n) col % (n) col % (n) col %

Total 7,512 - 320 - 7,192 - -

Missing 248 3.3% 4 1.3% 244 3.4% - -

1. Bolded results indicate p-value<0.05

2. Other race includes Asian/Pacific Islander, Native American, Multi-race, and unknown

3. Persons age as of January 1, 2014

4. Always: from January 1, 2013 to December 31, 2016, all viral loads must be <200 viral copies/mL and HIV viral load laboratory test collection dates needed to be < 13

months apart

5. Sometimes includes one of the following two conditions: 1) all test results were <200 copies/mL but there were gaps of HIV care > 13 months between tests or 2) or

any test was� 200 copies/mL, but there was at least one test < 200 copies/mL.

6. Never: zero tests <200 copies/mL or no viral load test dates reported to the NYSDOH

7. Always: presence of at least one HIV-related laboratory test per year of follow-up (i.e. HIV-related laboratory testing collection dates < 13 months apart)

8. Sometimes: at least one HIV-related laboratory test during follow-up (i.e. HIV-related laboratory testing collection date(s) >13 months)

9. Never: no evidence of an HIV-related laboratory reported to the NYSDOH within study period

https://doi.org/10.1371/journal.pone.0226614.t001
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those diagnosed with early latent syphilis were 1.97 (95% CI: 1.50–2.59) times more likely to

have a missed opportunity than those diagnosed with secondary syphilis (Table 2). Those who

were not diagnosed with syphilis on the same day as their HIV care were 1.30 (95% CI: 1.09–

1.57) times as likely to have a missed opportunity compared to those who were diagnosed con-

currently with their HIV care.

Post hoc analysis. As a post hoc analysis, early syphilis diagnoses that occurred on the

same date as an HIV care visit (defined as presence of an HIV-related laboratory test result)

were quantified for each person to assess the degree to which syphilis is diagnosed at the same

time as one’s HIV care (Table 3). Excluding eight individuals who had no HIV-related labora-

tory tests reported dates, there were 312 people diagnosed with early syphilis, of which 191

(61.2%) were diagnosed on the same day as the HIV care visit. Due to small cell sizes, ‘Never’

and ‘Sometimes’ virally suppressed were combined resulting in the co-variate being recatego-

rized as ‘Yes’/’No’ to always virally suppressed. Syphilis disease stage at diagnosis was the only

factor significantly associated with a same day diagnosis. MSMLWDH diagnosed with early

Table 2. Missed opportunities for earlier syphilis diagnosis cohort of adult males with a history of male-to-male sexual contact living with diagnosed HIV: New

York state excluding New York CIty, 2013–2016.

Total1 Missed Opportunity2 Unadjusted Risk Ratio and 95% CL3 Adjusted Risk Ratio and 95% CL3

Yes No

(n) col % (n) col % (n) col %

Total 261 145 - 116 -

Syphilis Disease Stage

Secondary Syphilis 107 41.0% 38 26.2% 69 59.5% Ref. Ref.
Early Latent Syphilis 154 59.0% 107 73.8% 47 40.5% 1.96 (1.48–2.58) 1.97 (1.50–2.59)

Race/Ethnicity4

Non-Hispanic White 106 40.6% 59 40.7% 47 40.5% Ref. -

Non-Hispanic Black 66 25.3% 34 23.4% 32 27.6% 0.93 (0.69–1.24) -

Hispanic 52 19.9% 26 17.9% 26 22.4% 0.90 (0.65–1.24) -

Other 37 14.2% 26 17.9% 11 9.5% 1.26 (0.96–1.65) -

Age Group5

18–24 13 5.0% 5 3.4% 8 6.9% 0.63 (0.31–1.28) -

25–34 88 33.7% 52 35.9% 36 31.0% 0.97 (0.76–1.23) -

35–44 70 26.8% 33 22.8% 37 31.9% 0.77 (0.57–1.04) -

45+ 90 34.5% 55 37.9% 35 30.2% Ref. -

Duration of HIV Positive Status

1–3 Years 79 30.3% 46 31.7% 33 28.4% 0.97 (0.69–1.37) -

4–6 Years 65 24.9% 38 26.2% 27 23.3% 0.97 (0.68–1.39) -

7–13 years 87 33.3% 43 29.7% 44 37.9% 0.82 (0.57–1.18) -

Greater than 13 years 30 11.5% 18 12.4% 12 10.3% Ref. -

Same Day Syphilis Diagnosis6

Yes 165 63.2% 83 57.2% 82 70.7% Ref. Ref.
No 96 36.8% 62 42.8% 34 29.3% 1.28 (1.04–1.59) 1.30 (1.09–1.57)

1. Excludes those who had no HIV-related laboratory test collection dates or were diagnosed with primary syphilis (N = 59)

2. Missed opportunity: an HIV care date within 3 months prior to a secondary syphilis diagnosis, or 6 months prior to an early latent syphilis diagnosis

3. Bolded results indicate p-value<0.05

4. Other race includes Asian/Pacific Islander, Native American, Multi-race, and unknown

5. Persons age as of January 1, 2014

6. Same day syphilis diagnosis: syphilis diagnosed date matches an HIV care date

https://doi.org/10.1371/journal.pone.0226614.t002
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latent syphilis were 1.41 (95% CI: 1.06–1.88) times more likely to have a same day diagnosis

than those with primary syphilis. There was no significant difference between those diagnosed

with secondary syphilis compared to primary syphilis. As no other variables were significantly

associated with having a syphilis diagnosis on the same day as HIV care, a multivariable model

was not constructed for the post-hoc analysis.

Table 3. Syphilis diagnosis on the same day as HIV care among MSM over the age of 18 living with HIV by demographic factors, New York state excluding New

York city, 2016.

Total1 Same Day Diagnosis2 Risk Ratio and 95% CL3

Yes No

(n) col % (n) col % (n) col %

Total 312 191 - 121 -

Syphilis Disease Stage

Primary Syphilis 51 16.3% 26 13.6% 25 20.7% Ref.
Secondary Syphilis 107 34.3% 54 28.3% 53 43.8% 0.99 (0.71–1.37)

Early Latent Syphilis 154 49.4% 111 58.1% 43 35.5% 1.41 (1.06–1.88)

Race/Ethnicity4

Non-Hispanic White 120 38.5% 80 41.9% 40 33.1% Ref.
Non-Hispanic Black 84 26.9% 45 23.6% 39 32.2% 0.80 (0.63–1.02)

Hispanic 64 20.5% 40 20.9% 24 19.8% 0.94 (0.75–1.18)

Other 44 14.1% 26 13.6% 18 14.9% 0.89 (0.67–1.17)

Age Group5

18–24 17 5.4% 11 5.8% 6 5.0% 0.99 (0.68–1.45)

25–34 106 34.0% 59 30.9% 47 38.8% 0.85 (0.69–1.06)

35–44 80 25.6% 50 26.2% 30 24.8% 0.96 (0.77–1.19)

45–54 109 34.9% 71 37.2% 38 31.4% Ref.
Viral Load Always�200 c/mL

Yes 132 42.3% 87 45.5% 45 37.2% 1.14 (0.96–1.34)

No 180 57.7% 104 54.5% 76 62.8% Ref.
HIV Care Status

Always6 225 72.1% 145 75.9% 80 66.1% 1.22 (0.98–1.52)

Sometimes in Care7 87 27.9% 46 24.1% 41 33.9% Ref.
Never in Care - - - - - - excluded

Duration of HIV Positive Status

1–3 Years 98 31.4% 61 31.9% 37 30.6% 0.83 (0.65–1.06)

4–6 Years 79 25.3% 42 22.0% 37 30.6% 0.71 (0.54–0.94)

7–13 years 99 31.7% 61 31.9% 38 31.4% 0.82 (0.64–1.05)

Greater than 13 years 36 11.5% 27 14.1% 9 7.4% Ref.
Missed Opportunity8

Yes 145 46.5% 83 43.5% 62 51.2% Ref.
No 167 53.5% 108 56.5% 59 48.8% 1.13 (0.94–1.35)

1. Excludes those who had no HIV-related laboratory test collection dates (N = 8)

2. Same day syphilis diagnosis: syphilis diagnosed date matches an HIV care date

3. Bolded results indicate p-value<0.05

4. Other race includes Asian/Pacific Islander, Native American, Multi-race, and unknown

5. Persons age as of January 1, 2014

6. Always: presence of at least one HIV-related laboratory test per year of follow-up (i.e. HIV-related laboratory testing collection dates <13 months apart)

7. Sometimes: at least one HIV-related laboratory test during follow-up (i.e. HIV-related laboratory testing collection date(s) >13 months)

8. Missed opportunity: an HIV care date within 3 months prior to a secondary syphilis diagnosis, or 6 months prior to an early latent syphilis diagnosis

https://doi.org/10.1371/journal.pone.0226614.t003
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Discussion

Overall, the prevalence of early syphilis diagnosis in this study population was high, with 4.3%

of individuals identified as having a subsequent early syphilis diagnosis. This high proportion

of MSMLWDH being diagnosed with syphilis is comparable to other studies and national

reports.[5, 10, 43] The DC cohort, a well-established cohort of persons living with HIV in the

District of Columbia, examined incident STIs after 32.5 months of follow-up.[10] Of the MSM

in their cohort, 4.1% were diagnosed with syphilis during the follow-up period.[10] Among

MSM, the high interrelatedness of syphilis and HIV in NYS is a significant public health con-

cern that highlights the importance of syphilis screening, treatment, and prevention counsel-

ing in efforts to end the HIV epidemic.

The yearly rates of early syphilis diagnosis found in this study of 1,838 per 100,000 and

1,681 per 100,000 in 2015 and 2016 respectively, greatly exceeded the 2016 rate of 21.6/100,000

early syphilis among males�18 years of age in NYS.[35] However, while not a direct compari-

son, the rate of primary and secondary syphilis calculated among MSMLWDH from 34 states

in 2014 was 1,200/per 100,000 suggesting similarly elevated national rates of syphilis among

this population.[20]

Persons at highest risk of subsequent early syphilis diagnosis were young (<35 years of

age), those of racial/ethnic minority, and those living with diagnosed HIV for less than seven

years. Again, this finding is similar to other studies, and support the current NYS HIV Clinical

Guidelines to screen HIV positive MSM at highest risk of syphilis infection for syphilis every

three months.[10, 28] Unlike other studies, persons most likely to be diagnosed with early

syphilis were virally suppressed throughout the follow-up time, and in consistent HIV care.

[23, 24] These findings suggest individuals diagnosed with syphilis were receiving HIV care or,

at minimum, were adherent to HIV treatment, and represent promising evidence to support

the biomedical approach of HIV viral load suppression as an HIV transmission prevention

method. It should be noted that HIV care was narrowly defined as receiving HIV-related labo-

ratory tests (i.e. HIV viral load, CD4 or genotype) that were reported to NYSDOH. Individuals

may be seeing a medical provider for HIV care and not be receiving HIV-related laboratory

tests which are reported to NYSDOH at each of those visits.[44] Further medical chart reviews

should be conducted to identify if a syphilis test was offered during HIV care and if the patient

refused testing.

Regarding missed opportunities, while over half of the individuals diagnosed with second-

ary or early latent syphilis were identified as having at least one missed opportunity for earlier

syphilis detection, 63.2% were diagnosed with syphilis on the same day as HIV care (Table 2).

Diagnosing syphilis at the time of HIV care provides both the individual and the provider with

an opportunity for more comprehensive sexual health messaging and care.

Interestingly, while persons diagnosed with early latent syphilis were more likely to be diag-

nosed with syphilis on the same day as HIV care, they were also more likely to have a missed

opportunity for earlier detection. While the latter finding is likely an artifact of individuals

infected for a longer duration simply having more time to have a missed opportunity, it speaks

to the importance of pairing syphilis screening with HIV-related laboratory tests, especially for

persons who are not experiencing any syphilis symptoms (or whose symptoms go unob-

served). Though primary and secondary syphilis are marked by symptoms (rectal chancres, for

example), these will not be apparent without rectal screening, which is not part of routine HIV

care. Pairing syphilis screening with every HIV CD4 count or viral load assay has been recom-

mended to clinicians providing care to MSM.[33] Lending further support to paired testing is

that only half of those individuals diagnosed with primary or secondary syphilis in this cohort

were diagnosed on the same day as HIV care. Lastly, there were no other associations found

Syphilis and HIV in New York State: Males with a history of male-to-male sexual contact

PLOS ONE | https://doi.org/10.1371/journal.pone.0226614 December 18, 2019 10 / 15

https://doi.org/10.1371/journal.pone.0226614


between the covariates assessed and having a missed opportunity. Therefore, while some popu-

lations are at a higher risk of a syphilis diagnosis, screening for syphilis among PLWDH should

be universal.

It should be noted that the missed opportunities should be interpreted with caution given

how a missed opportunity was defined. For example, physicians may decide to monitor a

patient who started ART more frequently to ensure that they become virally suppressed. The

expectation to screen for syphilis at such monitoring events may not be reasonable. Alterna-

tively, one of the HIV-related laboratory tests categorized as a missed opportunity could have

been the impetus for syphilis screening. For example, for persons previously virally suppressed

and on ARTs, an unexplained increase in HIV viral load may have been an indication for the

clinician to screen for STIs. Furthermore, the time-bound cut points chosen to assess missed

opportunities could have overestimated the duration of one’s infection, therefore misclassify-

ing HIV care dates prior to infection as missed opportunities. This misclassification would

result in an overestimate of missed opportunities. Therefore, the results of the analysis regard-

ing missed opportunities should be interpreted with caution as they may be indicative of con-

sistent HIV clinical care for this cohort.

The optimal outcome for anyone diagnosed with syphilis would be timely identification

and treatment of the infection. As this study was limited to incident syphilis, an examination

into adequate syphilis treatment per the 2015 CDC STD Treatment Guidelines for this cohort

was examined and compared to the HIV negative males diagnosed with incident syphilis in

the same geographic area, over the same study period. For both groups, 98% of males received

adequate treatment for their syphilis infection, demonstrating optimal outcomes regardless of

HIV positivity.[29]

There are several limitations to this study. First, it is unknown to what degree individuals in

the cohort had undiagnosed syphilis infection(s). As this is an observational cohort, informa-

tion on syphilis screening cannot be obtained. However, given current screening guidelines,

the authors are hopeful that syphilis has been detected in the majority of individuals in this

cohort.[28] If syphilis screening is not as high as current guidelines recommend, syphilis rates

could be higher than the rates observed in this study. Second, only the first syphilis diagnosis

per individual within the study timeframe was included in this study. Therefore, any syphilis

diagnosis prior to study start, or subsequent to the individual’s initial syphilis diagnosis, was

not accounted for (N = 36). Individuals with repeat syphilis infection may have a differing

level of risk. Further analyses should examine repeat syphilis and/or additional STI diagnoses

in this cohort. Third, the defined cohort of MSM was based on HIV transmission risk, which

does not indicate current sexual risk, and also omits individuals who did not disclose sexual

risk at time of HIV diagnosis. Fourth, virally suppressed was categorized as an HIV viral load

<200 copies/mL rather than <1,500 copies/mL, which research indicates is the threshold of

HIV-RNA needed to sexually transmit HIV.[45–47] This categorization may have resulted in

fewer individuals being classified as suppressed than the less conservative measures would

assume. Supplemental analyses conducted to mirror analytics presented in Tables 1 and 3

(Table A in S1 File, and Table B in S1 File) show the results did not significantly differ when

increasing the viral load cutoff from <200 copies/mL to<1,500 copies/mL. Therefore, any

bias introduced is thought to be minute. Additionally, residence was based on an individual’s

last known address which may not reflect one’s current address. Based on previous research in

NYS, it is known that in- and out-migration to the jurisdiction occurs frequently, and that an

absence of an HIV-related laboratory test might not be reflective of being not in HIV care, but

rather having moved to another jurisdiction or receiving care from an organization that is not

subject to state reporting laws.[44, 48] This limitation would most impact the group of individ-

uals who were without HIV-related laboratory tests for the duration of the follow-up period
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who were classified as never in care. However, as per NYSDOH practice, individuals diagnosed

with AIDS and have had no HIV-related laboratory tests reported to the NYSDOH for five

years, or individuals diagnosed with HIV (stage 1 and 2) and have had no HIV-related labora-

tory tests reported for eight years, are not considered to be in NYS, and are therefore were not

included this analysis. Lastly, syphilis staging might be incorrect when a patient’s serologic his-

tory could not be confirmed. However, this is true for all jurisdictions and therefore would not

preclude comparing the results from this analysis to other previously conducted analyses in

other jurisdictions.

Conclusions

In conclusion, this study supports the notion of high interrelatedness of syphilis and HIV,

especially among MSM. Consistent and routine screening for syphilis among MSMLWDH is

needed. Continual integration of syphilis testing during routine HIV care could help increase

early identification of syphilis infection and help decrease transmission rates. Biomedical

approaches, such as HIV viral load suppression, have increasingly become the cornerstone of

efforts to end the HIV epidemic and must be leveraged in order to maximize opportunities for

STI detection, especially since STIs can increase HIV viral loads. Comprehensive sexual health

continues to be paramount to ensuring HIV and STI prevention. Additional studies examining

the relationship between HIV viral load suppression status and syphilis diagnosis, as well as

the relationship between syphilis testing and/or diagnosis should be conducted.
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