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Abstract

Background: The purpose of this study was to estimate the cost of syphilis in the United States,
in terms of the average lifetime direct medical cost per infection.

Methods: We used a decision tree model of the natural history of syphilis. The model allowed
for numerous possible outcomes of infection, including treatment for syphilis at various stages,
inadvertent treatment, and late syphilis outcomes in those who are alive and still infected 30 years
after acquisition. Future costs were discounted at 3% annually. Model inputs such as the cost

and probability of each outcome were based on published sources. The probabilities we applied
yielded outcomes consistent with reported cases of syphilis by stage from national surveillance
data and number of deaths due to late syphilis from national mortality data.

Results: The estimated, discounted lifetime cost per infection was $1,190 under base case
assumptions (2019 dollars). Treatment costs associated with late syphilis outcomes such as
cardiovascular syphilis accounted for only $26 of the average lifetime cost per infection. Results
were most sensitive to assumptions regarding the treatment cost per case of unknown duration or
late syphilis. In the probabilistic sensitivity analyses, the 2.5th and 97.5th percentiles of the 10,000
simulations of the lifetime cost per infection were $729 and $1,884, respectively.

Conclusions: Our estimate of the lifetime cost per infection is about 50% higher than in a
previous study, a difference due in large part to our higher cost assumptions for benzathine
penicillin G.

Brief summary:

We estimated the lifetime cost of syphilis to be $1,190, in terms of the average present value of the
direct medical treatment and care costs per infection.

Introduction

Estimates of the average lifetime cost per infection can help to quantify the economic burden
of syphilis in the United States and can inform cost-effectiveness analyses of interventions
to prevent syphilis and related sequelae. The direct medical cost of syphilis in 2008 in the
United States was estimated in a 2013 study at $39.3 million, calculated as the product of
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Methods

two estimates: 55,400 incident infections and an expected lifetime cost per infection of $709
in 2010 US dollars.! These estimates correspond to $807 per infection and $44.7 million
overall when adjusted for inflation to 2019 US dollars.

The purpose of this study was to update the 2013 study’s estimate of the expected lifetime
cost of syphilis per infection in the United States. This update addresses a notable gap

in the literature on costs of STDs in the United States, not only in providing an updated
cost estimate for syphilis but also in providing a detailed accounting of the methodology
employed. To our knowledge, no stand-alone study of the lifetime cost per infection has ever
been published for syphilis. Of four available estimates of the lifetime cost of syphilis per
infection in the United States, three were reported as part of assessments of the overall cost
of STDs in the United States'3 and one was reported as a conference poster presentation.
In this study, we use a modified version of the decision tree model applied in these previous
analyses, in which we incorporate recent cost information and include updated, evidence-
based probabilities of the possible outcomes of infection.

We used a decision tree model of the natural history of syphilis (Figure 1) to estimate

the average lifetime cost per infection. This decision tree was based on an earlier version
developed by Schmid and Zaidi® which has been adapted by others for the purpose of
estimating the lifetime cost per infectionl and the cost-effectiveness of syphilis screening
strategies.8 Adaptations of the Schmid and Zaidi model are necessary when estimating the
lifetime cost per incident infection, as their model was developed to estimate the costs and
benefits of screening for prevalent infection.

We developed estimates of the probabilities and costs needed for the decision tree in order
to generate estimates of the average discounted, lifetime direct medical cost per infection.

In addition to establishing base case values for each parameter, we also assigned lower and
upper bound values for use in one-way sensitivity analyses and assigned a distribution for
use in the probabilistic sensitivity analyses. These sensitivity analyses are described in more
detail later.

We limited our analysis to lifetime medical costs incurred for treatment of syphilis and
related sequelae arising from a single infection with 7reponema pallidum in an adolescent
or adult. We used a health care sector perspective and included all direct medical costs
regardless of who incurred the costs (e.g., costs paid by an insurer or other third-party,

costs paid out-of-pocket by the patient). We did not include medical costs associated with
congenital syphilis. In our analysis, the accrual of costs ended when the infection was
treated, except for the small percentage of infections that resulted in long-term sequelae (late
benign syphilis, cardiovascular syphilis, tabes dorsalis, meningovascular syphilis, general
paresis) which were assumed to impose additional costs even after the infection was treated.
We did not include costs associated with reinfection or with transmission of infection to
another person, as these were considered to be new infections and not part of the index
infection. We also did not include costs of syphilis prevention, such as syphilis screening
and partner services. However, we did assume that all persons treated for syphilis incurred
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Probabilities

diagnostic testing costs. We did not include non-medical costs, such as patient time and
travel costs for seeking treatment. All analyses were conducted using Microsoft Excel for
Office 365.

The probabilities we assigned for the decision tree (Table 1) were estimated as follows. We
assumed that 80% of infections would be diagnosed and reported as a syphilis case, denoted
as Event B in the decision tree.”® This 80% assumption, applied in a 1999 incidence study?®
and cited in subsequent updates,’ 8 likely reflected a best guess based on the expertise of

the authors of the 1999 study, as no data or references were provided in support of this
assumption.? Given the lack of data to support this 80% assumption, we applied a wide
range of plausible values (0.65 to 0.95) in sensitivity analyses. Among reported syphilis
cases, the probability of being treated for primary and secondary (P&S) syphilis or early
non-P&S syphilis (Event D) was calculated as 0.63, based on the average annual distribution
of reported cases over the 40-year period from 1979 through 2018.10 This multi-year
average value of 0.63 is consistent with the single-year value of 0.65 reported in 2018
(35,063 P&S; 38,539 early non-P&S; and 40,137 unknown duration or late; the value 0.65
was calculated as [35,063 + 38,539] divided by [35,063 + 38,539 + 40,137]). The range
(0.46 to 0.81) reflects the minimum and maximum values observed from 1979 through 2018.
We assumed that 3.2% (range: 0.4% to 7.8%)11-13 of those with reported syphilis would
also be treated for early symptomatic neurosyphilis or ocular syphilis) (Events D-2 and E-2).

Among those infected but not reported as a case, we assumed one of the following three
outcomes occurred: treated for syphilis, but not reported as a case (Event F); inadvertently
cured through receipt of antibiotics for a condition other than syphilis, or an unrelated death
within 30 years of infection, or both (Event G); and still alive and infected 30 years after
acquiring the infection (Event H). We assumed long-term sequelae costs were possible for
those still alive and infected after 30 years (Event H), but not for Events F and G.

We calculated the probability that a person who acquired syphilis today would be alive

and still infected in 30 years (i.e., the probability of Event H given Event C) such that

the annual incidence of long-term sequelae implied by our decision tree model would

be consistent with data on syphilis mortality in the United States.14 This calculation,
described in detail in the Appendix, was based on reported syphilis cases from 1969 through
1987, syphilis mortality (obtained from CDC Wonder at https://wonder.cdc.gov/) from 1999
through 2017 (thereby assuming 30 years from infection to mortality), and was adjusted

for other factors such as the probability of death attributable to syphilis among those with
serious consequences of syphilis (0.73),1° and the probability that a death attributable to late
syphilis would be listed as such on the death certificate (0.50).16

Among those still alive and still infected 30 years after acquisition, we assumed one of
the following six outcomes occurred: latent syphilis, with no adverse outcomes or costs
incurred (68%, Event H-1); late benign syphilis (16%, Event H-2), cardiovascular syphilis
(9%, Event H-3); tabes dorsalis (2%, Event H-4); meningovascular syphilis (3%, Event
H-5); and general paresis (2%, Event H-6). The probabilities of events H-1 through H-6
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were obtained from the Schmid and Zaidi model,® which incorporated data from the Oslo
study as interpreted by Gjestland (1955).17

The costs we assigned for the decision tree (Table 2) were calculated using the unit costs
listed in Appendix Table A-2. All cost estimates have been updated to 2019 dollars using
the personal consumption expenditures price index for health care (https://www.bea.gov/).
The resources required for each outcome in the decision tree (Appendix Tables A-3 through
A-10) were based on the Schmid and Zaidi model.>

For example, as noted in Appendix Table A-3, we assumed that treatment for P&S and early
non-P&S syphilis would include 1.5 office visits on average (1 new patient visit and 0.5
established patient visits), 1 single dose of benzathine penicillin G 2.4 million units, and 1
injection. We also assumed that 37.3% (range: 7% to 80.9%) of patients would be followed-
up as recommended by STD treatment guidelines!® and would require an additional 2 office
visits (established patient), 2 blood draws, and 2 rapid plasma reagin (RPR) tests. The base
case value of $680 (Table 1) was calculated using the base case values of the unit costs
(Appendix Table A-1) and the base case value of the probability of follow-up of 37.3%
(Appendix Table A-11). The lower bound value of $340 was calculated using the lower
bound values of the unit costs and the lower bound probability of follow-up. The upper
bound value of $1,130 was calculated using the upper bound values of the unit costs and the
upper bound probability of follow-up.

Of note, the base case value we applied for the cost of treatment of P&S and early non-P&S
syphilis ($680) was notably higher than in the previous cost study ($141 when updated to
2019 dollars), primarily due to an increase in cost of benzathine penicillin G. We applied

a base case cost per dose of $326 for benzathine penicillin G based on the Federal Supply
Schedule,® which reflects the approximate cost of drugs from the healthcare sector and
societal perspectives according to recent health economics guidelines.20

Outcome timing assumptions

To express the lifetime cost per infection in present value terms, future costs were
discounted to the time of infection at a rate of 3% annually. We assumed that treatment

for P&S syphilis and early non-P&S syphilis would occur within 1 year of infection, and
thus did not discount these costs. Costs of treatment for syphilis of unknown duration or
late syphilis and costs of early neurosyphilis and ocular syphilis were discounted for 1 year
(range: 0 to 2 years). Costs associated with late benign syphilis (Event H-2), cardiovascular
syphilis (Event H-3), tabes dorsalis (Event H-4), meningovascular syphilis (Event H-5), and
general paresis (Event H-6) were discounted 30 years (range: 10 to 50 years).

Estimation of lifetime cost per infection

In estimating the discounted, average lifetime cost per infection, we applied the probabilities
and costs listed in Tables 1 and 2 to the decision tree described in Figure 1 and applied

the outcome timing assumptions described above in order to discount the future costs. For
treatment of syphilis among those not reported as cases (Event F), we assumed the same
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distribution of treatment by syphilis stage as for reported cases (i.e., a 63% probability of
treatment in the P&S or early non-P&S stage). Inadvertent treatment for syphilis or death
prior to the onset of sequelae costs (Event G), and latent syphilis with no adverse outcomes
(Event H-1) were assumed not to impose costs.

The average lifetime cost per infection was calculated by summing the cost of every possible
outcome of that infection times the probability of that outcome occurring. Specifically, the
lifetime cost per infection was calculated as the sum of the expected costs of each final
outcome (Events D-1, D-2, E-1, E-2, F, G, H-1, H-2, H-3, H-4, H-5, and H-6) in the decision
tree, where the expected cost due to each of these outcomes was calculated as the discounted
cost of the outcome multiplied by the probability of the outcome (e.g., the expected cost due
to Event D-1 was calculated as $680 multiplied by 0.8 x 0.63 x 0.968).

Sensitivity analyses

Results

We estimated the lifetime cost per infection using the base case values listed in Tables 1
and 2. We then conducted sensitivity analyses to see how the lifetime cost estimate would
change when we varied our model assumptions. We first conducted one-way sensitivity
analyses in which we varied each probability parameter (Table 1), each cost parameter
(Table 2), and each outcome timing assumption one at a time from its lower bound to
upper bound range, while holding all other parameter values at their base case values.

We then conducted probabilistic sensitivity analyses using Monte Carlo simulations in
which we calculated the lifetime cost per infection 10,000 times. In each of the 10,000
simulations, we drew a random value for each probability and cost parameter (according to
the distributions listed in Tables 1 and 2) and for the outcome timing assumption (assuming
a uniform distribution). The distributions we used (e.g., beta distributions for probabilities
and lognormal distributions for costs) are common in health economic analyses.29 For each
model input listed in Tables 1 and 2, we estimated the beta distribution parameters and the
lognormal distribution parameters by assuming the base case value reflected the mean value
and that the standard deviation could be approximated based on the difference between the
upper bound and lower bound values, following methods described elsewhere.?!

The estimated, discounted lifetime cost per infection was $1,190 under base case
assumptions (Table 3). The most common outcome of infection was to be treated and
reported as a case, which occurred in 80% of infections. Most of the remaining 20% of
infections resulted in treatment for syphilis without being reported as a case, inadvertent
treatment, or an unrelated death prior to treatment or long-term sequelae. Symptomatic late
syphilis outcomes (Outcomes H-2 through H-6 in the decision tree) occurred in only 0.21%
of infections.

Of the $1,190 average cost per infection, treatment for syphilis of unknown duration or
late syphilis accounted for $462 and $88 (without and with early neurosyphilis or ocular
syphilis, respectively), treatment for P&S syphilis or early non-P&S syphilis accounted for
$332 and $135 (without and with early neurosyphilis or ocular syphilis, respectively), and
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treatment for syphilis without being reported as a case accounted for $149 (Table 3). All of
the remaining outcomes combined to account for $26 of the average cost per infection.

In one-way sensitivity analyses, the results were most sensitive to changes in assumptions
regarding the treatment cost per case of unknown duration or late syphilis; the treatment
cost per case of P&S syphilis or early non-P&S syphilis; the treatment cost per case of
early neurosyphilis and ocular syphilis; the probability of early neurosyphilis and ocular
syphilis; and the probability of being treated for P&S or early non-P&S syphilis, among
reported cases (Figure 2). When varying any of the other parameters individually, the
estimated lifetime cost per infection remained within $100 of the base case estimate. In the
probabilistic sensitivity analyses, the 2.5" and 97.5t percentiles of the 10,000 Monte Carlo
simulations were $729 and $1,884, respectively, and the 25t and 75t percentiles were $985
and $1,352, respectively.

Discussion

Our estimate of the expected lifetime cost of syphilis of $1,190 per infection is about

50% higher than the most recent previous estimate of $807 when adjusted to 2019
dollars.? Our intermediate results differed substantially from those of the previous study:
treatment for early syphilis accounted for $466 of the average lifetime cost in our model
vs. approximately $86 in the previous model; treatment for unknown duration or late
syphilis accounted for $550 in our model vs. approximately $204 in the previous model;
and treatment for late syphilis outcomes accounted for $26 in our model vs. approximately
$516 in the previous model.

There are three main reasons why our intermediate outcomes differed notably from those of
the previous study. The first main difference is that we applied higher costs for treatment

of syphilis than the previous study, which assumed that two-thirds of those treated for

P&S syphilis would be treated in a public clinic setting at a cost of $90.1 In contrast, our
higher cost estimate allowed for a higher cost of the physician visit, a higher cost of the
penicillin regimen, and the possibility of costs associated with follow-up. The cost of the
penicillin regimen we assumed ($360 per dose) accounted for most of the $680 cost we
applied for the treatment of P&S and early non-P&S syphilis. The second main difference
is that we explicitly accounted for the possibility of treatment for early neurosyphilis and
ocular syphilis among those with reported syphilis. The third main difference is that we
applied much lower probabilities for the late syphilis outcomes. For example, the proportion
of infections incurring costs of long-term serious consequences of syphilis was 0.0021 in
our model, which is roughly one-eighth the corresponding value of 0.016 in the previous
model. Our use of lower probabilities for late syphilis outcomes yielded model results more
consistent with current data on mortality due to late syphilis.

As illustrated by the differences in our study and the previous study, many parameter values
needed to estimate the lifetime cost of syphilis are informed by limited data and are subject
to considerable uncertainty. We addressed this issue in two main ways. First, we ensured
that the probabilities applied in our model yielded outcomes that were consistent with two
key sources of data: reported cases of syphilis by stage from national surveillance data
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and number of deaths due to late syphilis from national mortality data. The incorporation

of the latter data source was perhaps the biggest improvement in our model over previous
versions. Second, we conducted extensive sensitivity analyses to illustrate how the results
change when model inputs were varied and to identify the most influential assumptions. For
example, the percentage of infections that are ever reported as syphilis cases is one of the
most difficult parameter values to estimate from empirical data, and our base case value

of 80% was based solely on expert opinion. Fortunately, our sensitivity analysis indicated
that this assumption was not particularly influential, and thus the lack of data to inform this
particular assumption is not of particular concern.

Unfortunately, however, several of the most influential parameter values in our model were
among the most uncertain. For example, the treatment cost per case of early neurosyphilis
and ocular syphilis was one of the most influential parameter values observed in our one-
way sensitivity analysis, and limited data exist to inform this cost estimate. One key factor
in this estimate is whether the patient receives the recommended regimen of intravenous
(V) aqueous crystalline penicillin G or the alternative regimen of intramuscular (IM)
procaine penicillin G plus oral probenecid.18 We applied a higher cost for the recommended
regimen than the alternative regimen, primarily because we assumed hospitalization would
be required for IV therapy. However, the value we applied for the percent of patients with
neurosyphilis or ocular syphilis that receive 1V therapy (21.3%, range: 14.0% to 29.3%) was
likely conservative, as it was based on a study where participants were recruited primarily
from a public STD clinic where the standard neurosyphilis treatment was the IM regimen.13
We note that a study of patients with ocular syphilis in North Carolinall found that a much
higher percentage of patients (72%) received IV therapy.

Our estimate of the average lifetime cost per infection can be interpreted as the present
value of the direct medical treatment and care costs that could be saved by preventing

one instance of syphilis acquisition in an adolescent or adult, in the context of existing

STD prevention efforts. We did not include congenital syphilis costs. Further, the lifetime
medical cost per infection does not include a wide range of other costs imposed by syphilis,
such as the costs of syphilis prevention activities like screening and partner services, costs
of presumptive treatment of those not actually infected, and syphilis testing of biologics
such as blood donations. Syphilis also imposes productivity costs and intangible costs (e.g.,
pain and suffering). Although these costs were beyond the scope of our study, a study is
currently underway to estimate the health burden of syphilis in the United States in terms of
quality-adjusted life years (QALY?S) lost.22 Such studies can help to quantify the intangible
costs associated with syphilis.

In summary, there are numerous challenges and limitations associated with estimating the
lifetime cost of syphilis per infection. We have attempted to address these issues by applying
conservative assumptions (i.e., assumptions that result in a lower cost estimate) where
warranted and by ensuring the probabilities we used for the potential outcomes of infection
were consistent with available national-level data. Our estimate of the average lifetime

cost per infection ($1,190) is about $400 higher than that of the most recent previous

study ($807),! a difference mainly due to our higher cost assumptions for benzathine
penicillin G. Differences across these two studies are even more notable when itemized
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results are compared. In updating the estimated lifetime cost per infection, we have provided
extensive documentation of our methods and assumptions. We hope this documentation will
facilitate future studies of the cost of syphilis as better data become available and improved
methodologies are developed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

Decision tree of natural history of syphilis used to estimate the average lifetime cost per
infection

Events in the decision tree are labeled by letters and numbers in brackets. We estimated the
expected lifetime cost of syphilis, per infection, discounted to the time of infection (Event
A). Of those reported as a syphilis case, the probabilities of treatment by stage (Event D and
Event E) were consistent with the distribution of reported syphilis cases in the United States.
Of those never reported as a case, we assumed three possible outcomes: treated for syphilis
but not reported as a case (Event F), treated inadvertently through receipt of antibiotics for
purposes other than syphilis treatment and/or death within 30 years from a cause other than
syphilis (Event G),or alive and still infected 30+ years after infection (Event H). For those
in Event H, we assumed one of six outcomes would occur (Events H-1 through H-6 in Panel
B). The probability of Event H given Event C was estimated so that the decision tree would
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yield estimates consistent with current data regarding deaths due to syphilis in the United
States.
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Cost of treatment for syphilis of unknown duration or late syphilis
Cost of treatment for P&S or early non-P&S syphilis

Cost of treatment for early symptomatic neurosyphilis or ocular syphilis

Among those with reported syphilis, probablity of early symptomatic
neurosyphilis or ocular syphilis

Of cases reported, probability of treatment for P&S or early non-P&S syphilis

Among those not reported as a case and who do not remain untreated for 30+
years, the proportion treated for syphilis

Probability that infection is reported as a case

Number of years of discounting of future outcomes

Of infections not reported as cases, probability of remaining alive and still
infected for 30+ years

Probability of latent syphilis in those alive and still infected after 30 years
Cost of treatment for meningovascular syphilis

Cost of treatment for cardiovascular syphilis

Cost of treatment for general paresis
Cost of treatment for tabes dorsalis
Cost of treatment for late benign syphilis

$900 $1,000 $1,100 $1,200 $1,300 $1,400 $1,500 $1,600

Lifetime cost per infection

Figure 2.
Results of one-way sensitivity analysis of cost of syphilis: Estimated lifetime cost per

infection when varying one parameter value at a time

This diagram shows the estimated lifetime cost per infection when a single parameter value
was changed from its base case value to its lower or upper bound. For example, when we
varied the treatment cost per case of unknown duration or late syphilis while holding all
other parameters at their base case values, the lifetime cost per infection was $932 when
applying the lower bound and $1,625 when applying the upper bound (top entry of diagram).
For ease of illustration, the parameter descriptions have been shortened; see Table 1 and
Table 2 and manuscript text for more precise descriptions.
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