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Abstract
Background—The well described biological and epidemiologic associations of syphilis and
HIV are particularly relevant to the military, as service members are young and at risk for sexually
transmitted infections. We therefore used the results of serial serologic testing to determine the
prevalence, incidence, and risk factors for incident syphilis in a cohort of HIV-infected
Department of Defense beneficiaries.
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Methods—Participants with a positive non-treponemal test at HIV diagnosis that was confirmed
on treponemal testing were categorized as prevalent cases, whereas participants with an initial
negative non-treponemal test who subsequently developed a confirmed positive non-treponemal
test as incident cases.

Results—At HIV diagnosis the prevalence of syphilis was 5.8% (n=202). 4239 participants
contributed 27,192 person years (PY) to the incidence analysis and 347 (8%) developed syphilis
(rate 1.3/100 PY; [1.1, 1.4]). Syphilis incidence was highest during the calendar years 2006 - 2009
(2.5/100 PY; [2.0, 2.9]). In multivariate analyses, younger age (per 10 year increase HR 0.8;
[0.8-0.9]); male gender (HR 5.6; [2.3-13.7]); non European-American ethnicity (African-
American (HR 3.2; [2.5-4.2]; Hispanic HR 1.9; [1.2-3.0]); history of hepatitis B (HR 1.5;
[1.2-1.9]) or gonorrhea (HR 1.4; [1.1 −1.8]) were associated with syphilis.

Conclusions—The significant burden of disease both at and after HIV diagnosis, observed in
this cohort, suggests that the cost-effectiveness of extending syphilis screening to at risk military
members should be assessed. In addition, HIV infected persons continue to acquire syphilis,
emphasizing the continued importance of prevention for positive programs.
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Background
Syphilis is a sexually transmitted infection (STI) with protean clinical manifestations. In
HIV-infected persons syphilis often occurs without overt symptoms 1-2. Historically syphilis
has posed a significant threat to military service members 3. With the introduction of
penicillin syphilis rates declined in the military. The mid-1980s saw a resurgence of syphilis
cases 4, however, rates declined throughout the nineties and in 1999 rates in the US Navy
were similar to that observed in civilian settings 5. In the last decade syphilis has reemerged
as a significant public health problem, largely fueled by an increase in the number of cases
among HIV-infected men who have sex with men (MSM) 6-7. Syphilis increases the risk of
both acquiring and transmitting HIV infection 8-9.The biological plausible associations that
link syphilis to HIV transmission are of particular relevance to the US military as service
members between the ages of 17-24 comprise nearly 40% of the US military, and represent
an age group that is at a high risk for STI 10-11. Given the resurgence of syphilis among
HIV-infected civilians it is important to define the epidemiology and risk factors associated
with the disease in the HIV-infected military population. We utilized serial serologic testing
results, to examine the seroprevalence, seroincidence and risk factors associated with
incident syphilis in a cohort of HIV-infected US military members.

Material and Methods
To achieve our objectives we examined data from the US Military HIV Natural History
Study (NHS) a cohort comprised of HIV-infected Department of Defense (DoD)
beneficiaries (active duty service members, retirees, and their dependents) 12-13. HIV
infection is documented at NHS entry using a licensed ELISA based assay and confirmed
with a Western Blot.

While on active duty HIV positive service members undergo clinical evaluations every 6
months. In keeping with this schedule NHS visits are conducted every 6 months at one of
seven military treatment facilities. During these visits participants undergo blood draws (for
both study specific tests and tests required for clinical care), individualized risk reduction
counseling by a trained technician, are evaluated by a HIV specialist and attend peer
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education in a group setting. Research personnel collect demographics (including self
reported ethnicity), clinical information (including history of STIs), and updated medication
history (including treatment for syphilis). Results of all laboratory tests including those
performed for clinical care are captured in the NHS database.

Before 2006, screening for syphilis was conducted in accordance with the policies of the
treatment facility; since 2006 annual serologic testing has been incorporated as a study-
specific test. Syphilis screening is performed using a Nontreponemal (NTr) test primarily the
rapid plasma reagin (RPR) test. Positive NTr test results are confirmed using any licensed
treponemal (Tr) test. For this sub-study, eligible participants were enrolled in the NHS
between 1986 and 2009, and had HIV, NTr and Tr testing results documented in the
database. This sub-study was approved by a central institutional review board.

Definitions
To assess the prevalence of syphilis at HIV diagnosis, we examined all participants who had
testing performed within a 6-month window of HIV diagnosis. To improve the accuracy of
our estimates, we examined a subset of seroconverters (i.e. individuals with documented
HIV positive and negative dates within a two-year interval). We next examined the
incidence of the first episode of syphilis after HIV diagnosis. All participants with a positive
NTr test following an initial negative NTr test that was subsequently confirmed by a positive
Tr test result were categorized as an incident case, whereas those with a confirmed positive
NTr test at HIV diagnosis were considered a prevalent case. The date of the incident episode
was defined as the midpoint between the date of last negative NTr test and date of the first
positive NTr test. Non-cases included participants with an initial positive NTr test that was
followed by all negative Tr tests (false positives). Syphilis staging have not been captured in
the NHS database; hence, we used duration of syphilis infection as an approximation to
identify participants early in their course of infection. We defined participants as being
“early” in infection if they had a negative NTr test in the 365 days prior to the positive NTr
test. Because NTr antibody titer correlates with disease activity, for prevalent cases we
considered a titer ≥1:8 as a likely reflection of recent infection 14. Self-reported ethnicity
was categorized for analyses as European-American, African-American, Hispanic, or Other.
Anti-retroviral therapy (ART) was categorized as none, mono/dual or highly active
antiretroviral therapy (HAART). The NHS definition of HAART, defined as the use of three
drugs belonging to two or more classes of antiretrovirals or the use of a triple nucleotide
regimen, was utilized for this study 15.

Statistical Methods
Descriptive statistics were used to describe the population. Median values are provided with
interquartile ranges (IQRs) and compared using the Kruskal-Wallis test. Proportions were
compared using either the chi-square or Fisher’s exact tests.

Incidence rates were calculated per 100 person years of follow up (PY), with exact Poisson
95% confidence intervals (CI). Follow up time was calculated from the initial negative NTr
test to the time of censoring, defined as the time of incident infection or last NTr test.
Poisson regression was used to test for trends in rates by calendar year. Univariate and
multivariate Cox proportional hazards methods, stratified by era of diagnosis of HIV
infection (pre-1996 vs. 1996 and beyond) and treatment facility, were used to model
associations between factors and incident syphilis. Time-updated covariates used all
available measurements during the period of observation.

Significance for the multivariate models was defined at P< 0.05; all P values were 2-sided.
Age, sex, ethnicity and time from HIV diagnosis were included in the multivariate model, in
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addition to the variables with a P<0.15 in univariate analyses. Hazard ratios (HRs) and rates
are presented with 95% confidence intervals (CIs). The proportional hazards (PH)
assumption was assessed for all fixed effects. Analyses were conducted using SAS software,
version 9 (SAS Institute). Figures were generated using the R programming language,
version 2.10.1. The “loess” and “predict loess” functions in R were used to generate the
local linear robust fit smoothing lines and pointwise 95% CIs depicting both the prevalence
and incidence of syphilis infection (span=2/3, degree=1) 16 .

Because testing rates varied by enrollment center (supplementary table 1), sensitivity
analyses were performed using data from a single center, at which the testing rates have
exceeded 90% since the inception of the study.

Results
Of the 5125 eligible participants, 4977 (97%) had at least one evaluable NTr test, and were
included in this analysis (Figure 1). Study participants were 92% male, 43% European-
American, and 44% African-American. The proportion of NHS participants tested for
syphilis varied by calendar year and was lowest (78%) in 1998 and since 2003 has exceeded
90% (Figure 2A). The proportion tested for syphilis at the time of HIV diagnosis also varied
by calendar year, exceeding 80% since 1993, (Figure 2B).

Syphilis Prevalence
3486 (70.0%) participants had NTr testing performed at HIV diagnosis, 202 (5.8%)
participants, 56 European-American and 123 African-American, had concurrent syphilis.
Approximately half the prevalent cases (n=98) were likely recently infected. 1676 HIV
seroconverters had NTr testing at HIV diagnosis, 4.1% (n=68) had prevalent disease, 42
(67%) seroconverters met our criteria for recent syphilis infection. Since 2003, the
proportion of newly diagnosed HIV infected participants who are also co-infected with
syphilis has increased (Figure 3). The majority of the participants diagnosed with syphilis
(52%) were likely recently infected as evidenced by a titer ≥1:8 (Figure 3).

Syphilis Incidence
Participants with an initial positive NTr test (n=319), no follow up testing (n=403), or no
confirmatory Tr tests following an initial negative NTr test (n=16) were excluded from the
incidence analysis (Figure 1). The remaining 4239 participants contributed 27,192 person
years (PY) of follow up. The median number of NTr tests per subject was 8 (IQR 5, 16) and
the median duration of follow up was 4.9 years (IQR 2.2, 9.0). African-American and
European-American participants had similar median numbers of NTr tests [European-
American: 8 (IQR 5, 15) and African-American: 9 (IQR 5, 17), p=0.23].

During follow up, 347 participants met the definition of an incident case. Among
participants with incident syphilis, 98.6% were male, 68.3% African-American, 21.3%
European-American, and 6.7% Hispanic. The median age and CD4 count at syphilis
diagnosis were 35.0 years (IQR 28.8, 40.4) and 509 cells/μL (IQR 386, 695) respectively.
The median time from HIV diagnosis to syphilis infection was 4.0 years (IQR 1.6, 8.0),
(Supplementary Figure 1). Of the participants with incident syphilis, 278 (80.1%) met
criteria for early disease. Figure 4 summarizes incidence rates by calendar year for all
participants (4A), those with early stage disease (4B), and for African-American and
European-American participants (4C).

The overall incidence of syphilis was 1.3 /100 PY (95% CI 1.1, 1.4) of follow up. Incidence
rates varied across calendar time and race. Rates of incident syphilis were lowest between
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1994 and 1999 at 0.5/100 PY (95% CI 0.3, 0.6). A resurgence of syphilis cases was
observed during the calendar years 2000-2005 (1.6 /100 PY; 95% CI 1.3, 1.8), and a
continued increase has been observed during the calendar years 2006-2009 (2.5 /100 PY;
95% CI 2.0, 2.9), (Figure 4A). The overall incidence of early disease was 1.0/100 PY (95%
CI 0.9, 1.1) and exhibited similar trends (Figure 4B). The overall incidence of syphilis was
higher among African-Americans (2.1 /100 PY; 95% CI 1.8, 2.4, p<0.0001) and Hispanics
(1.1/100 PY; 95% CI 0.7, 1.6, p=0.005) in comparison to European-Americans (0.6 /100
PY; 95% CI 0.4, 0.7). Differences in the incidence of syphilis between European-Americans
and African-Americans have been consistently observed over calendar time except more
recently, (2008-2009), during which infection rates were not significantly different
(European-Americans: 2.0 /100 PY; 95% CI 1.1, 3.0) versus (African-Americans: 3.3 cases/
100 PY; 95% CI 1.9, 4.6, p=0.13). Since 2000, syphilis cases have increased in all three
ethnic groups, for example, between 2001 and 2009 incident syphilis increased 7 fold among
European-Americans (from a rate of 0.53/100 PY to 3.8/100 PY), African-Americans
exhibited an approximately 4 fold increase (1.4/100 PY to 5.0/100 PY) and Hispanics had
nearly a doubling of the rate (1.1/100 PY to 2.1/100 PY. In a sensitivity analysis, similar
trends were observed at the single center where testing rates have exceeded 90% (data not
shown).

Risk factors associated with incident syphilis
Because the PH assumption was violated for age, a time-dependent age term was included in
the final multivariate model. Risk factors for incident syphilis were younger age (HR 0.82;
95% CI 0.75-0.91), male gender (HR 5.63; 95% CI 2.31-13.73), ethnicity (African-
Americans: HR 3.24; 95% CI 2.48-4.24; Hispanic: HR 1.85; 95% CI 1.15-2.96; Other: HR
2.37; 95% CI 1.30-4.29; referent European-Americans), history of hepatitis B (HR 1.52;
95% CI 1.22-1.91), and gonorrhea (HR 1.42; 95% CI 1.12-1.80) (Table 1). HAART use was
not associated with disease (HR 0.92; 95% CI 0.69-1.23). HIV specific risk factors including
CD4 count, viral RNA levels, and the presence of an AIDS defining illness were not
associated with syphilis.

Discussion
Using results of serial serologic testing to identify syphilis cases, this longitudinal twenty
five year study among HIV-infected DoD beneficiaries estimated an overall prevalence of
syphilis at HIV diagnosis of ~ 6% and subsequent incidence of 1.3 cases/100 PY of follow
up.

To our knowledge this is the first study that examines the seroincidence of syphilis over a 25
year period. Compared to other studies in HIV-infected persons, seroincident syphilis rates
in the NHS are lower 1, 17-18, and are comparable to case-based estimates from a managed
care setting in the US 19. NHS participants have unrestricted access to healthcare and
medications, undergo close clinical monitoring, report low rates of illicit drug use, and
possess either a minimum of a high school educational equivalent (enlisted) or an
undergraduate college degree (officers) 12-13. Further, active duty members of this cohort
have stable employment. As low rates of drug use and improved access to health care have
been associated with a lower risk of acquiring STIs 20-25; we postulate that the close clinical
monitoring and unrestricted access to healthcare and medications that NHS participants
enjoy may in part explain the lower incidence of syphilis observed in this study. Reliance on
serologic testing to derive estimates reduces the likelihood that the lower incidence is caused
by participants seeking care outside the military health care system, as declines in titers
following treatment would be captured at subsequent testing, but does not eliminate the
possibility. HIV-infected MSM are disproportionately affected by syphilis and have been the
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primary focus of studies examining the seroincidence of syphilis 1, 17-18. Hence, we
compared our rates to published reports among HIV-infected MSM. Although ascertainment
of sexual behaviors can be difficult in the military, when last examined, in the early nineties,
a third of the surveyed NHS participants reported having sex with women exclusively 12. If
the cohort composition has remained the same (namely 2/3rd MSM) it may represent an
alternative explanation for our lower syphilis incidence.

In the NHS ethnic minorities shared a greater burden of syphilis, however, these differences
are not as pronounced as that observed nationwide 26. For example, African-American men
nationwide were 8 times more likely than European-American men to have a diagnosis of
primary or secondary syphilis in 2009, whereas in the NHS we found that African-American
men were 1.2 times more likely to be diagnosed with syphilis in that year 26. The narrowing
of ethnic disparities in the NHS in recent years has not been driven by declines in syphilis
cases among African-Americans but rather by increases in syphilis cases among European-
Americans. In concordance with the nationwide data we observed increases in incident
syphilis rates among Hispanics, however, our sample size for this subset was small 27. Our
results suggest to stem the tide of new syphilis infections in the DoD effective prevention
must be targeted to at risk groups and appropriate within varying racial/ethnic contexts.

Factors associated with incident syphilis in this study are similar to those reported
previously 28-29. Younger age, non European-American ethnicity, male sex, and a prior
history of STI were associated with an increased risk of syphilis acquisition. Some studies
suggest that in the HAART era HIV-infected men are less concerned about virus
transmission thereby increasing sexual risk taking 30-32. Our results did not find a significant
association between syphilis acquisition and HAART use and are in agreement with two
large studies which also failed to demonstrate an association with HAART use 2, 19.

Historically results of syphilis screening were used to determine military eligibility 3. The
changes mandated with the introduction of the Clinical Laboratory Improvement Act led
military investigators to examine the cost-effectiveness of universal syphilis screening 33.
The study concluded that universal syphilis screening was not cost-effective, and screening
was discontinued 33. However, this study was conducted in the nineties when syphilis rates
were declining both nationwide and in the US military 5. Since 2000 there has been a
resurgence of syphilis cases in HIV-infected persons, our results demonstrate similar trends
in the military HIV population 26. A recent analysis of the US military also showed an
increase in syphilis rates in 2008-2009 34. Taken together these observations suggest that
the current screening policies should be reviewed and the cost-effectiveness of periodic
syphilis screening of at risk military members both at and after enlistment needs
examination.

One of the strengths of this analysis is the greater precision of our estimates due to the
reliance on serologic testing to derive estimates, however, this strategy too has
limitations 35. Serologic testing has reduced sensitivity in very early disease and may fail to
capture subjects with early treated disease 36. Further, incident syphilis is best characterized
by measuring rates of early stage disease (i.e. primary and secondary) as latent infection
may have been acquired years earlier. As syphilis staging was not captured in the NHS, we
tried to overcome this limitation by defining early and late stage disease by measuring
duration of infection but misclassification of cases may have occurred, which might affect
our estimates. Other limitations of this study include the fact that the prior policy of “Don’t
ask Don’t tell” limited our ability to capture patterns of sexual activity in this cohort as well
as the need to estimate the date of syphilis seroconversion due to the periodic nature of
syphilis screening. We acknowledge that the failure to adjust for risk behavior might have
influenced our point estimates. To address the latter, a parallel analysis of time to incident
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syphilis with syphilis infection defined as the date of the first positive test found
qualitatively similar results. Lastly, the proportion of participants tested in this cohort varied
by calendar year and center and this missing data has the potential for introducing bias.
Overall 2.5% of the participants never had a syphilis test performed and 30% of the
participants did not have a test for syphilis performed within 6 months of HIV diagnosis,
although in recent years the proportions of participants tested for syphilis have exceeded
90%. To address this concern, the incidence of syphilis was examined using only data from
a center at which the proportion tested exceeded 90% throughout the study period and we
found the pattern of incidence over the years to be similar.

In conclusion, rates of incident syphilis, in this cohort, continue to increase despite equal
access to care and low rates of drug use. Acquisition of syphilis in HIV-infected persons is
indicative of unsafe behavior and points to the continued need for prevention in positive
programs in the military. Overall African-Americans shared a disproportionate burden of
this disease, however, in recent years there has been a marked increase in new infections
within our European-American and Hispanic participants. Additional research to understand
what risk reduction interventions will work for this and other HIV-positive populations is
warranted. The significant burden of syphilis identified at the time of HIV diagnosis in this
cohort suggests that the cost-effectiveness of targeted screening of at-risk military members
periodically after enlistment needs study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow diagram describing participant selection for the Incidence and Prevalence analyses
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Figure 2A. Syphilis Testing Rates by calendar year
The solid and dotted lines represent the local linear robust fit smoothing line and the
pointwise 95% confidence intervals respectively for the prevalence of syphilis at HIV
diagnosis. The shaded bars represent testing rates by year.
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Figure 2B. Syphilis Testing Rates at HIV Diagnosis by calendar year
The solid and dotted lines represent the local linear robust fit smoothing line and the
pointwise 95% confidence intervals respectively for the prevalence of syphilis at HIV
diagnosis. The shaded bars represent testing rates by year.
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Figure 3. Prevalence of syphilis cases at the time of HIV diagnosis and by calendar year
The solid and dotted lines represent the local linear robust fit smoothing line and the
pointwise 95% confidence intervals respectively for the prevalence of syphilis at HIV
diagnosis. The dark shaded bars represent subjects with early disease.

Ganesan et al. Page 13

Sex Transm Dis. Author manuscript; available in PMC 2013 December 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4A. Incidence of syphilis after HIV diagnosis and by calendar year
The solid and dotted lines represent the local linear robust fit smoothing line and the
pointwise 95% confidence intervals respectively for the incidence of syphilis after HIV
diagnosis.
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Figure 4B. Distribution of incident syphilis cases diagnosed with early disease by calendar year
The solid and dotted lines represent the local linear robust fit smoothing line and the
pointwise 95% confidence intervals respectively for the incidence of early syphilis cases
after HIV diagnosis.
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Figure 4C.
Incidence of syphilis cases after HIV diagnosis among African Americans and European
Americans in the NHS
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TABLE 1

Risk Factors Associated With Incident Syphilis

Characteristic N Cases Person-
Years

Univariate
HR

P Multivariate
HR*

P

Demographics

Age (for every
10-yr increase)

4239 347 (8%) 27,192 0.86
(0.74–
1.00)

0.05 0.82 (0.75–
0.91)

0.0002

Gender

Male 3903 342 (9%) 24,951 5.97
(2.46–
14.44)

[lt]0.0001 5.63 (2.31–
13.73)

0.0001

Female 336 5 (1%) 2241 Referent Referent

Ethnicity

European-
American

1894 74 (4%) 12,886 Referent Referent

African
American

1828 237
(13%)

11,310 3.50
(2.69–
4.56)

[lt]0.0001 3.24 (2.48–
4.24)

[lt]0.0001

Hispanic/Puerto
Rican/Mexican

352 23 (7%) 2033 1.85
(1.16–
2.97)

0.01 1.85 (1.15–
2.96)

0.01

Other 163 13 (8%) 959 2.20
(1.21–
3.97)

0.009 2.37 (1.30–
4.29)

0.005

HIV-specific
characteristics
Antiretroviral
therapy†

None 1185 154
(13%)

3967 Referent Referent

Mono-Dual
therapy

1136 45 (4%) 5593 0.65
(0.46–
0.92)

0.01 0.72 (0.50–
1.04)

0.08

HAART 1918 148 (8%) 17,632 0.75
(0.57–1.0)

0.05 0.92 (0.69–
1.23)

0.58

CD4 cell count†

(cells/uL)

[lt]200 943 21 (2%) 5293 0.61
(0.38–
0.97)

0.04 — —

200–499 1503 146
(10%)

9583 0.96
(0.77–
1.20)

0.72 — —

[mtequ]500 1756 179
(10%)

12,304 Referent

Nadir CD4†

(for 100 cell
increase)

4202 346 (8%) 27,180 1.06
(1.00–
1.11)

0.04 1.02 (0.96–
1.08)

0.5

HIV RNA†

(log10

copies/mL) (for
each log
increase)
AIDS-defining

3152 247 (8%) 24,102 1.05
(0.94–
1.18)

0.36 — —
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Characteristic N Cases Person-
Years

Univariate
HR

P Multivariate
HR*

P

illness†‡

Yes 847 22 (3%) 6177 0.69
(0.44–
1.07)

0.10 0.69 (0.43–
1.11)

0.12

No 3392 325(10%) 21,016 Referent — —

Years from
HIV diagnosis

4239 347 (8%) 27,192 0.94
(0.87–
1.02)

0.13 0.93 (0.85–
1.01)

0.09

Other sexually
transmitted
infections
Hepatitis B†

Yes 1890 185
(10%)

14,120 1.71
(1.37–
2.13)

[lt]0.0001 1.52 (1.22–
1.91)

0.0003

No 2349 162 (7%) 13,072 Referent Referent

Gonorrhea†

Yes 1129 130
(12%)

8209 1.89
(1.50–
2.38)

[lt]0.0001 1.42 (1.12–
1.80)

0.004

No 3085 216 (7%) 18,896 Referent Referent

*
Model is stratified by the era of HIV-positive test (pre-1996, post-1996) and enrollment center.

†
Time varying covariate, therefore the columns contain the number in each group at censoring (i.e., incident infection or last NTr).

‡
AIDS-defining conditions based on the 1993 CDC criteria excluding CD4 count.
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