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Abstract

Background.—Since 2000, the incidence of syphilis has been increasing, especially among
gay, bisexual, and other men who have sex with men (MSM) in the United States. We assessed
temporal trends and associated risk factors for newly diagnosed syphilis infections among human
immunodeficiency virus (HIV)-infected patients during a 16-year period.

Methods.—We analyzed data from the HIV Outpatient Study (HOPS) cohort participants at

10 US HIV clinics during 1999-2015. New syphilis cases were defined based on laboratory
parameters and clinical diagnoses. We performed Cox proportional hazards regression analyses of
sociodemographic, clinical, and behavioral risk factors for new syphilis infections.

Results.—We studied 6888 HIV-infected participants; 641 had 1 or more new syphilis diagnoses
during a median follow-up of 5.2 years. Most participants were male (78%), aged 31-50 years,
and 57% were MSM. The overall incidence was 1.8 (95% confidence interval [CI], 1.6-1.9) per
100 person-years (PY) and it increased from 0.4 (95% ClI, .2-.8) to 2.2 (95% ClI, 1.4-3.5) per

100 PY during 1999-2015. In multivariable analyses adjusting for calendar year, risk factors for
syphilis included age 18-30 years (hazard ratio [HR], 1.3 [95% CI, 1.1-1.6]) vs 31-40 years,
being MSM (HR, 3.1 [95% CI, 2.4-4.1]) vs heterosexual male, and being non-Hispanic black
(HR, 1.6 [95% CI, 1.4-1.9]) vs non-Hispanic white.
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Conclusions.—The increases in the syphilis incidence rate through 2015 reflect ongoing sexual
risk and highlight the need for enhanced prevention interventions among HIV-infected patients in
care.
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The incidence of syphilis has been increasing, especially among gay, bisexual, and other
men who have sex with men (MSM) in the United States since the early 2000s [1-5].
Syphilis is more common among human immunodeficiency virus (HIV)-infected than HIV-
uninfected MSM, an indicator of unprotected sexual contact, and is associated with incident
HIV infection [6-8]. Annual screening for syphilis among HIV-infected persons is the
standard of care, but several studies suggest that more frequent testing is both cost-effective
and more efficient at identifying infection [9-11].

Identifying and characterizing those at greatest risk for incident new and recurrent syphilis
may lead to more targeted management and prevention as well as new approaches to syphilis
control. Because HIV-infected persons who face barriers or challenges to consistent condom
use may also face similar challenges in adhering to antiretroviral therapy (ART), syphilis
infection, either new or recurrent, may be a marker of poor adherence to ART and may thus
identify individuals more likely to transmit HIV due to viremia resulting from nonadherence
(notwithstanding the biologic effects of syphilis on HIV replication due to inflammation

or chronic immune activation) [12-17]. A 2007 study found that longer duration of HIV
treatment is associated with a greater risk of incident syphilis, possibly due to improved
health and perceived lower transmission risk [18]. Poor control of HIV may be associated
with higher treatment failures for syphilis, although this is controversial [19-22]. Whether
syphilis infection affects control of HIV infection is less clear [17, 23].

Understanding the current risk behaviors associated with new incident and recurrent cases of
syphilis may better define who should be screened and at what frequency. Specifically, we
sought to assess the temporal trends in and the risk factors for incident syphilis infections
among HIV-infected patients in routine outpatient HIV care, and put them in the context of
changing syphilis testing rates.

METHODS

The HIV Outpatient Study

The HIV Outpatient Study (HOPS) is an ongoing, prospective observational cohort

study of HIV-infected adults receiving care at 9 specialty HIV clinics in 6 US cities
(Chicago, lllinois; Denver, Colorado; Stony Brook, New York; Philadelphia, Pennsylvania;
Tampa, Florida; and Washington, District of Columbia) since 1993. Patient data, including
demographic and social characteristics, diagnoses, prescribed medications, and laboratory
values, are abstracted from medical records and entered by trained staff into a single
electronic database (Discovere®; Cerner Corporation, Kansas City, Missouri). These data
were reviewed for quality and analyzed centrally. Data quality assurance measures include
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supervisory reviews of randomly selected charts to ascertain accuracy and completeness of
abstracted data, and centralized checks of data files to resolve discrepancies. The HOPS
protocol has been reviewed and approved annually by the institutional review boards of the
Centers for Disease Control and Prevention (Atlanta, Georgia) and each local site. The study
protocol conforms to the guidelines of the US Department of Health and Human Services
for the protection of human participants in research, and all participants provided written
informed consent. The present analysis is based on the HOPS data through 31 December
2015.

Study Design, Population, Independent Variables, and Outcomes of Interest

We included HOPS participants who received care at an active HOPS site between 1 January
1999 and 30 June 2015. Patients with <2 visits recorded ever in the HOPS or <1 visit

during the timeframe of this analysis were excluded. The start of observation for participants
was considered to be the later of either 1 January 1999 or their first HOPS visit, hereafter
referred to as the baseline date. The observation was discontinued at the earliest of death,
last HOPS contact, inactive status date, or 30 June 2015.

We defined incident cases of syphilis based on the evidence of any of the following: a 4-fold
increase in rapid plasma reagin (RPR) titer, a positive qualitative syphilis screen with a prior
negative result, or both a documented syphilis diagnosis and record of treatment for syphilis.
In addition, if a participant’s first recorded syphilis test result was positive, and there was

no prior test history, but there was corroborative concurrent syphilis diagnosis or treatment
evidence, then the participant was considered to have syphilis. Participants were considered
to have been treated for syphilis if they had any of the following medications ordered

with indication for syphilis: penicillin, bicillin, amoxicillin, doxycycline, tetracycline,
ceftriaxone, or azithromycin. However, if a participant had a positive RPR with a prior
negative RPR and had syphilis in the past, then he or she was additionally required to have
either a syphilis diagnosis or be treated for syphilis to be considered a new case of syphilis.

Syphilis resolution was defined as a 4-fold decrease in RPR, a reduction of RPR to 0, or a
negative qualitative screen with a previous positive screen.

Statistical Analysis

We categorized cohort participants by their HIV transmission risk group, defined as MSM,
heterosexual males, heterosexual females, and men and women in other/unknown risk
group. We then described these participants by their sociodemographic and HIV-related
characteristics, all defined at the baseline date unless otherwise noted. These characteristics
included age, sex (at birth), race/ethnicity, being a person who injects drugs (PWID), health
insurance, AIDS status, chronic hepatitis B (HBV) infection status, chronic hepatitis C
(HCV) infection status, calendar period of observation, CD4 cell count, and public vs
private site of care (ie, HOPS clinic institution). HBV and HCV infection status as well

as chlamydia and gonorrhea were all established based on a combination of laboratory test
results and diagnoses available in the medical record. We compared these characteristics
for differences by HIV transmission risk group using the Kruskal-Wallis test for continuous
variables and XZ or Fisher exact tests for categorical variables where appropriate. We
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also tested for bivariate differences in baseline characteristics between participants who
ultimately were diagnosed with incident syphilis compared to those who were not diagnosed
with syphilis. For participants who were diagnosed with incident syphilis, we compared
their CD4 cell count, HIV RNA load, gonorrhea status, and chlamydia status at the time of
the diagnosis according to HIV transmission risk group.

To contextualize our analyses of temporal trends in incidence of syphilis, we first analyzed
temporal trends in syphilis testing in the HOPS during 1999-2015. Syphilis testing rates per
100 person-years (PY) of observation and associated 95% confidence intervals (CIs) were
determined based on the presence of any treponemal or nontreponemal (whether diagnostic
or screening) syphilis test in each given calendar year when a patient was under HOPS
observation. Incident syphilis rates per 100 PY with 95% Cls were calculated by considering
in the numerator all incident cases of syphilis (allowing multiple events per individual)
during participants’ observation in this analysis. For syphilis incidence calculations, the
denominator was not restricted by any syphilis screening requirements because some HOPS
patients presented and were diagnosed with symptomatic syphilis but had no accompanying
syphilis tests captured in the available medical record.

We calculated syphilis incidence rates first overall and then stratified by baseline
characteristics: age group, sex at birth, race/ethnicity, HIV transmission risk group, and
payor. To test for differences in incident syphilis rates, we conducted univariate and
multivariable Poisson regression adjusting for baseline factors, including age, sex, race/
ethnicity, HIV transmission risk group, PWID, insurance, CD4 cell count, use of antibiotic
prophylaxis, HOPS site type, and calendar period of observation. Characteristics were
included in the multivariable model using a stepwise selection with a cutoff of £=.05

at each stage. All analyses were conducted in SAS version 9.4 software (SAS Institute, Cary,
North Carolina). Statistical results with £ < .05 were considered significant.

Cohort Characteristics

Among the 10 671 participants enrolled in the HOPS as of 31 December 2015, we excluded
3783 for the following reasons: 1849 patients received care at currently inactive HOPS sites,
318 had <2 HOPS visits total, and 1616 had no HOPS visits between 1 January 1999 and

30 June 2015 (Figure 1). Among the 6888 eligible participants included in this analysis, who
were active between 1 January 1999 and 30 June 2015, most were MSM (57%), whereas
16% were heterosexual males and 20% were heterosexual females. Comparing the 1934
excluded to the 6888 included participants (Figure 1), excluded participants were more
likely to be male (83% excluded vs 78% included, £ < .001), white (64% excluded vs 49%
included, £<.001), and have MSM risk (61% excluded vs 56% included) or injection drug
use risk (15% excluded vs 10% included) (£ < .001 for the HIV risk factors).

Characteristics of Persons With and Without Syphilis

We identified 641 (9.3%) participants who had 1 or more new syphilis diagnoses (a total
of 799 diagnoses) during a median follow-up of 5.2 (interquartile range [IQR], 2.0-10.8)
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years. Median time from baseline to first syphilis diagnosis was 3.5 (IQR, 1.0-6.9) years.
The sociodemographic characteristics of the cohort and the groups with and without incident
syphilis are presented in Table 1. The largest age group was 31-40 years old (37.8%)

and 42.4% of incident syphilis diagnoses were in that age group (£ < .001). The majority

of participants were male (78.0%), and men represented 94.7% of persons with incident
syphilis (P < .001); nearly half of the patients were non-Hispanic white (49.3%), and nearly
half of the syphilis cases were white (49.8%), followed by non-Hispanic black (34.7%
overall, 36.8% with syphilis) and Hispanic/Latino (12.3% overall, 9.4% with syphilis).

The majority of participants (57.4%) were MSM, and MSM comprised 82.8% of the
syphilis cases (P < .001). Whereas 52.2% of study participants had private insurance,
private insurance was more common (63.5%) among those with syphilis; 38.1% overall had
public insurance, and 22.0% among syphilis cases (£ < .001). More than half of the study
participants were enrolled in the HOPS before 2002 (56.4%) and 47.6% had a baseline CD4
count =350 cells/uL; of syphilis cases, 56.1% had a CD4 cell count =350 cells/mm3 (P<
.001). Nearly half of the cohort (48.6%) had an AIDS diagnosis, and AIDS diagnosis was
less common (39.8%) among persons who had incident syphilis.

Compared with participants who did not have incident syphilis during observation, those
who had incident syphilis were more likely to be younger, male, MSM, have private
insurance, be coinfected with chronic HBV, have been seen in clinic in a more recent
calendar period, and have received care at a private institution. They were also less likely to
be PWID, diagnosed with AIDS, have chronic HCV coinfection, and be ART experienced (P
<.05 for all; Table 1).

Among the 641 participants who were diagnosed with incident syphilis, most (85%) had
CD4 counts 2200 cells/uL at the time of infection (Table 1). MSM tended to have higher
CDA4 cell counts at the time of infection compared with other HIV transmission risk groups.
MSM also had lower HIV RNA loads. Although the majority of persons with syphilis had
fully suppressed viral load, there were still >25% of syphilis cases who had a proximal viral
load of =1000 copies/mL, suggesting occurrence of condomless sex in the setting of syphilis
coinfection and possible heightened HIV transmission risk. Recent or concurrent gonorrhea
and chlamydia were uncommon in this group, and chronic HBV and chronic HCV were less
prevalent among MSM than other HIV transmission risk groups (Table 1).

Syphilis Testing

We analyzed syphilis testing rates and compared these to syphilis incidence rates by HIV
risk group. Overall, testing rates (determined by presence of RPR or fluorescent treponemal
antibody absorption) were 54 tests per 100 PY, and were lower among MSM (53 tests per
100 PY) compared with heterosexual males (59 tests per 100 PY) or heterosexual females
(54 tests per 100 PY) (P < .001; Table 2). Syphilis testing was significantly higher among
those whose insurance coverage status was “self pay/none” or on public insurance compared
to privately insured persons. There was a coincident increase in syphilis testing rates and
syphilis incidence rates over time; syphilis incidence rates increased from 0.43 (95% Cl,
.23-.80) per 100 PY to 2.22 (95% Cl, 1.41-3.47) per 100 PY during 1999-2015 (Figure 2).
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Syphilis Incidence and Risk Factors

There were a total of 799 syphilis diagnoses among 641 participants, for an overall
incidence of 1.8 (95% CI, 1.6-1.9) per 100 PY (Table 2; Figure 3).

For MSM the rate was the highest, at 2.5 (95% Cl, 2.3-2.7, £<.001) per 100 PY, and

it was particularly high for MSM who were aged 18-30 years (5.1 [95% Cl, 4.4-5.9]),
non-Hispanic black (4.6 [95% CI, 4.0-5.2]), and whose insurance status was “self pay/none”
(5.1 [95% ClI, 4.1-6.4]).

Incident syphilis cases were disproportionately represented by young, black MSM. There
were 256 and 312 (3.7% and 4.5% of the 6888 participant total, respectively) 18- to 30-year-
old and 31- to 40-year-old black MSM participants in our study. Among those with syphilis,
there were 70 and 61 (10.9% and 9.5% of 641, respectively) 18- to 30-year-old and 31- to
40-year-old black MSM participants.

We examined correlates of incident syphilis by computing incidence rate ratios for a number
of independent variables in univariate and multivariate analysis (Table 3). Age 18-30 years
was an independent risk factor for syphilis with an adjusted relative risk (aRR) of 1.33

in multivariate analysis (95% CI, 1.10-1.61) compared with the age group 31-40 years.
Non-Hispanic blacks were disproportionately at risk with an aRR of 1.62 (95% ClI, 1.37-
1.91) relative to non-Hispanic whites. Compared with heterosexual males, MSM were at
increased risk for incident syphilis (aRR, 3.11 [95% CI, 2.38-4.06]) as were those who
began observation in the later calendar years (Table 3).

DISCUSSION

Over a 16-year period of observation, we noted a steady increase in both testing for syphilis
and incident syphilis cases in our multisite cohort of patients in HIV care. The rates of
syphilis infections were elevated among young patients who were non-Hispanic black,
MSM, and those without health insurance. Our findings are consistent with national and
regional trends in syphilis among MSM [1, 2, 7, 24].

Surveys of sexual behavior among HIV-infected MSM have documented increasing
frequency of condomless sex in the past decade [25, 26]. Some HIV-infected men may

be more likely to “serosort” by seeking sexual partners of the same HIV status, and this
behavior may influence their sexual networking choices [27-29], which in turn can influence
their risk of sexually transmitted infections (STIs) [30]. The established association of
syphilis and HIV transmission in itself indicates that serodiscordant transmission of syphilis
must occur [13]. As others have observed, syphilis may be a marker of poor adherence

to HIV therapy and may identify individuals more likely to transmit their HIV infections
[12-15]. We similarly found that >25% of patients with syphilis had suboptimal control of
their HIV RNA load. There is widespread debate as to the effect of antiretrovirals used for
HIV prevention (ie, pre-exposure prophylaxis, postexposure prophylaxis) on the incidence
of STls such as syphilis [31-33]. The fact that 75% of syphilis cases in our cohort occurred
in the setting of well-controlled HIV infection is notable. It is likely, however, that the
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smaller fraction of HIV-infected persons with poor virologic control and syphilis infection
are contributing to ongoing HIV transmission.

The rates of syphilis testing differed by demographic factors but in general increased over
time for all groups. Although the increased syphilis screening may have contributed to the
increased new syphilis diagnoses, it reflects the growing recognition of increasing syphilis
burden in the HIV-infected and MSM populations [34].

Our findings are subject to limitations. Our data were obtained from chart abstraction

of patients in HIV care; testing for syphilis (both diagnostic for symptomatic cases, and
screening for asymptomatic patients) was conducted as per prevailing practices at the clinic
sites, and there were no regular periodic STI screening assessments. We did not have
consistent information on the stage of syphilis (primary, secondary, etc). About 7% of the
diagnoses were made at the patients’ baseline visit (ie, the first visit in the HOPS in the
timeframe of our analysis), and while they fit our definition of an incident case, which
includes treatment as such by the treating clinician, we cannot exclude the possibility that
some of these cases may be latent. If a fraction of these few baseline cases did not represent
new cases of syphilis (ie, were misclassified), then the overall syphilis rates in our analysis
would be overestimated, by no more than about 10%. Conversely, we cannot exclude the
possibility that some patients were diagnosed with syphilis outside of our clinics, which
would lead us to underestimate syphilis rates in our cohort. Furthermore, patients with
syphilis frequently were referred or opted to receive follow-up care and treatment outside of
the HOPS clinics, and therefore we could not reliably study the rates of syphilis treatment
and cure. Both syphilis testing and syphilis incidence increased over time, likely due to
increased recognition of risk. Trends in syphilis incidence may reflect in part improved
screening and detection of asymptomatic syphilis cases.

In conclusion, we noted steady increases in the syphilis incidence rate through 2015,
particularly among HIV-infected patients who are younger, non-Hispanic/Latino, and MSM,
reflecting ongoing sexual risk among HIV-infected patients in care. These results support the
need for ongoing syphilis testing and comprehensive sexual risk reduction interventions in
this population.
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Patients enrolled in the HOPS
study as of 12/31/2015
(N=10,671)
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Receiving care at an active
HOPS site (n=8,822)

Excluded (Total = 1,849)

Received care at an inactive HOPS site

A4

Active at some point
during1/1/1999 and
6/30/2015 (n=6,888)

v

Excluded (Total = 1,934)

<2 HOPS visits total: (n=318)
No HOPS visits during 1/1/1999 and

6/30/2015: (n=1,616)

A4

A 4

A 4

MSM Heterosexual
(N=3,953) Males
(N=1,118)

Heterosexual
Females
(N=1,384)

Other/
Unknown
(N=433)

Figurel.

Cohort selection flowchart, human immunodeficiency virus (HIV) Outpatient Study, 1999—
2015. Abbreviations: HOPS, HIV Outpatient Study; MSM, men who have sex with men.
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Overall

18-30 years of age
31-40 years of age
41-50 years of age
51+ years of age
Female sex

Male sex
Non-Hispanic White
Non-Hispanic Black
Hispanic

MSM

Heterosexual Males
Heterosexual Females
Private insurance
Public insurance
Self-Pay/No insurance

Incidence LCI ucCl
1.8 1.6 1.9
3.0 26 35
1.8 1.7 2.0
1.5 1.3 17
0.8 0.6 1.0
0.4 0.3 0.5
22 2.0 2.3
1.6 1.5 1.8
2:1 1.9 2.4
13 1.0 1.6
25 2.3 2.7
1.0 0.8 1.3
0.4 0.3 0.6
2.0 1.8 2.1
1.1 1.0 1.3
Pt 3.6 2.9 4.4

Figure 3.
Syphilis incidence rates per 100 person-years with 95% confidence interval bars, the HIV

Outpatient Study, 1999-2015 (N = 6888). Abbreviations: HIV, human immunodeficiency
virus; LCI, lower confidence interval; MSM, men who have sex with men; UCI, upper
confidence interval.
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