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Abstract

Background: The purpose of this study was to estimate the lifetime direct medical costs per
incident case of genital herpes in the United States.

Methods: We used medical claims data to construct a cohort of people continuously enrolled

in insurance for at least 48 consecutive months between 2010 and 2018. From this cohort,

we identified initial genital herpes diagnoses as well as the cost of related clinical visits and
medication during the 36 months following an initial diagnosis. Lifetime costs beyond 36 months
were estimated based on treatment use patterns observed in the 36 months of follow-up.

Results: The present value of lifetime direct medical costs of genital herpes was estimated to
be $972 per treated case or $165 per infection (2019 dollars), not including costs associated with
prevention or treatment of neonatal herpes. The clinical visit at which genital herpes was first
diagnosed accounted for 27% of lifetime costs. Subsequent clinical visits and medications related
to genital herpes accounted for an additional 13% and 60% of lifetime costs, respectively.

Conclusions: The results from this study can inform cost-effectiveness analysis of GH control
interventions as well as help quantify the cost burden of sexually transmitted infections in the
United States.

Short Summary

Based on medical claims data, the average lifetime direct medical cost of genital herpes was
estimated to be $972 (per treated case) and $165 (per infection) in 2019 dollars.
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Introduction

Methods

Genital herpes (GH) is caused by anogenital infection with the herpes simplex virus (HSV).
HSV has two distinct serotypes, HSV-1 and HSV-2. In the United States, HSV-2 alone

was estimated to have a national seroprevalence of 12.1% in 2016.1 Symptomatic GH is
most often characterized by the appearance of painful vesicular-ulcerative lesions. While
there are treatments to shorten the duration of symptoms and reduce the frequency of
recurrences, GH is a lifelong condition. The Centers for Disease Control and Prevention’s
(CDC) 2015 STD Treatment Guidelines recommend GH be treated with suppressive therapy
taken continuously or episodic treatment for recurrent flare-ups.2 Despite often being
asymptomatic, GH can result in numerous complications, including extragenital lesions,
aseptic meningitis, herpes simplex encephalitis, and neonatal herpes through maternal-fetal
transmission.3# Evidence also suggests that HSV-2 infection may increase the risk of
acquiring HIV.>:6

GH carries a cost burden attributable to the direct medical costs of diagnosing and treating
infection, as well as potential hospitalization costs for treating sequelae. Because HSV
cannot be cured, infection can impose long-term or even lifelong costs such as costs
associated with suppressive therapy. Little is known about the lifetime cost of GH. Of

the few studies that have examined costs related to GH, most estimated national total costs
for a specific calendar year or set of years.” To our knowledge, the most recent study to
estimate the lifetime cost per HSV-2 infection was by Fisman and colleagues in 2002.10
More recent papers have cited those 2002 estimates and adjusted them for inflation.11:12 In
this study, which was part of a larger project to estimate the incidence, prevalence, and cost
of STIs acquired in 2018,1314 we sought to update and expand upon the existing literature
by estimating the direct medial cost per incident case of GH in the United States using
expenditure data for GH-related medical care.

To estimate the lifetime medical cost per GH infection, regardless of whether caused by
HSV-1 or HSV-2, we calculated the cost of an initial clinical visit during which GH was
first diagnosed, all GH-related costs observed during the three years following that initial
clinical visit, and projected costs for years four and beyond (Figure 1). We estimated the
cost per treated case of GH separately for cases without sequelae and cases with sequelae.
Lifetime cost per infection was calculated based on (1) the probability that an infection
would be treated and (2) for treated cases, the probability that sequelae costs would be
incurred (Figure 1).

Data sources and case selection

We obtained data on medical costs related to GH using IBM® Watson Health™ MarketScan
Inpatient, Outpatient, Outpatient Pharmaceutical Drug, and Annual Enrollment Commercial
Databases for people enrolled in a health plan for at least 48 consecutive months

between 2010 and 2018.15 MarketScan databases consisted of over 25 million enrollees
with commercial health plans annually. Databases captured person-specific enrollment

and medical service information for outpatient visits, outpatient medication prescriptions,
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inpatient admissions, diagnosis codes, and billing information. MarketScan data consisted
of de-identified people with distinct enrollee IDs, allowing people to be anonymously
linked across MarketScan datasets. CDC Institutional Review Board exemption status was
obtained.

People with GH-related medical expenses between 2011 and 2015 were found using the
International Classification of Disease Ninth and Tenth Revisions (ICD-9 and ICD-10).
People in the inpatient database could receive a primary diagnosis code for hospital
admission and up to 15 additional ICD codes. People in the outpatient database could
receive up to four diagnosis codes. To begin, we extracted claims for inpatient and outpatient
clinical visits that included any diagnosis code indicating GH or HSV-related sequelae
(Table 1). A person could receive a GH-related diagnosis code presumptively, regardless

of test positivity, for reimbursement purposes. Given that MarketScan data lacked lab
results, we merged people’s clinical visits with their medication claims and assumed any
prescriptions a person had for GH treatment medications around the time of a GH-related
diagnosis code were indicative of a true case of GH. GH treatment medications were
identified by the generic names “acyclovir,” “valacyclovir,” or “famciclovir” as listed in
CDC STD treatment guidelines.2:16 As with other recent studies using insurance claims data,
we allowed medication claims to fall in a window between seven days before a GH-related
diagnosis code up to 30 days after in order to account for delays in processing or data entry
errors.1” After we identified people with at least one GH diagnosis code supported by a
medication claim, henceforth referred to as “probable GH cases,” we used the date of each
person’s earliest medication supported GH diagnosis code as their index date.

Once all probable GH cases were compiled, we limited our sample to people whose

index date likely reflected their first-ever GH diagnosis, not simply the first diagnosis that
happened to fall within our sample period. Accurate classification of first-ever GH diagnosis
was important for two reasons: 1) because GH is a lifelong condition, the timing of the
initial diagnosis determines the length of treatment; and 2) because newly acquired GH
tends to decrease in severity over time, the cost of treatment tends to be frontloaded.10.18

To increase the likelihood that people’s index dates reflected new diagnoses, we linked each
probable GH case to MarketScan Annual Summary of Enrollment databases and imposed
the following criteria: 1) a person needed to be continuously enrolled for 12 months prior
to their index date; and 2) they needed to have no medication claims for the aforementioned
GH-related antiviral medications during that period. People meeting both criteria were
classified as having “confirmed index dates.” To identify patterns in GH-related costs
following an initial diagnosis, we retained only people who were also continuously enrolled
for 36 months following their confirmed index date. Requiring continuous enrollment
ensured that our sample was not missing GH-related medical events due to lapses in
coverage. The remaining sample was then linked to all subsequent inpatient, outpatient,

and medication claims falling with those 36 months.

Estimating costs associated with GH was complicated by the fact that many HSV-related
diagnosis codes a clinician might use to code for GH are ambiguous with respect to

site of infection, and could be used to code either genital or oral HSV infections. To
increase confidence that our sample consisted of HSV cases which began as anogenital
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infections, we retained only people with a diagnosis code on their index date that was either
unambiguously a code specific to GH or a code for HSV-related sequelae (Table 1, Panel
A). Any claims from the inpatient or outpatient claims databases following a person’s index
date were considered “subsequent clinical visits” if they contained any of the diagnosis
codes listed in Panel A or Panel B of Table 1. Expanding the possible diagnosis codes

for subsequent visits allowed us to capture ambiguously-coded GH visits among people
determined to have previous anogenital infections. Because costs were not separable by
diagnosis code, any clinical visits coded with both GH and non-GH related diagnoses codes
were excluded when calculating average costs. People who ever had a clinical visit dropped
due to a confounding diagnosis code were excluded from the average number of subsequent
clinical visits per year and probability of an initial clinical visit being inpatient. Everyone,
regardless of confounding diagnosis codes, was included in estimating the probability that a
treated GH infection involved sequelae. Prescriptions from the medication claims database
were retained if they were related to the treatment of GH. Finally, any claims with costs < $1
were discarded, as they were likely data entry errors.17:19.20

Imposing the restrictions listed above yielded a sample of people with: 1) a probable GH
case supported by a GH medication claim; 2) 12 months of continuous observation prior
to the first observed probable GH case, during which there were no other GH-related
prescriptions or diagnosis codes; 3) 36 months of continuous observation after their

first observed probable GH case; and 4) at least one GH-related clinical visit with no
confounding diagnosis codes (Figure 2).

Lifetime cost per treated case of GH

Costs were converted to 2019 dollars using the Personal Consumption Expenditure health
component price index, per Dunn et al. 2018.21 Lifetime medical cost per GH infection was
estimated by multiplying the probability that a GH infection is treated by the probability-
weighted sum of expected lifetime medical cost per treated case of GH with and without
sequelae (Figure 1). We computed lifetime costs for each of four separate groups: males who
did not experience sequelae, females who did not experience sequelae, males who
experienced sequelae, and females who experienced sequelae. For all four groups, lifetime
medical cost per treated case was calculated as the sum of 1) the cost of the initial GH-
related clinical visit, 2) the costs of subsequent clinical visits and medications related to GH
observed in the first three years after the initial visit, and 3) an estimation of the costs of
GH-related clinical visits and medications four or more years after the initial visit. The first
two components were estimated directly from the MarketScan cohort. Because the cohort
was followed for 36 months after the initial visit, we did not have data on costs incurred four
or more years after the initial visit. We used the MarketScan data to calculate the annual
percent decline in GH-related clinical visits and medication costs between years two and
three after an initial diagnosis and assumed this rate of decline would continue in year four
through the remaining life expectancy. Specifically, the lifetime medical cost

(

Imc;

) per treated case of GH was estimated according to the following:
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Ime,. = IC,.+ Y f*7"[SV..,*SC.., + DC,.)]
RLE, = 0]
+ 2, PS4 % A SV.)"HSC L+ DC K1+ % A DC,)"
y=4

where sdenotes male or female sex and x denotes whether a case involved sequelae.
IC,

is the average cost of an initial GH visit, y denotes year relative to initial diagnosis, and

1
b= 1.03

converts future costs to present value by discounting 3% annually. The first three years of

follow-up costs were added in the first summation of Equation (1) using sample averages for
each year. The average number of subsequent GH-related clinical visits

(

SV,
) was multiplied by the average cost of a subsequent clinical visit

(

SC,.,
) then added to the average expenditure on GH-related medications

(

DC,.,

). While the first summation adds observed costs from MarketScan, the second summation
of Equation (1) adds estimated costs from year four after an initial diagnosis up to the
average remaining life expectancy

(

RLE,,

) for people of sex sand sequelae status x.22 The second summation in the lifetime medical
cost equation is similar to the first summation, except that it replaces the observed year-
specific average cost of a subsequent clinical visit with an average across years one, two, and
three

(

SC,,

). In addition, the second summation also includes two adjustment terms, one to account for
decreasing frequency of clinical visits over time

(

% A SV,,
) and one to account for decreasing medication expenditures over time

(

% A DC,

).

Lifetime cost per GH infection

We estimated overall lifetime medical cost per GH infection

(
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LMC,

) by taking the estimated lifetime medical cost per treated case of GH without sequelae
multiplied by the probability of having no sequelae plus the estimated lifetime medical cost
per treated case of GH with sequelae multiplied by the probability of having sequelae, all
multiplied by the probability that a case of GH is treated. The calculation of lifetime costs
using the cost per treated case from Equation (1) is mathematically expressed as follows:

LMC, = a[(l — 0)*lme, ,_,+ 0*ﬁn\cwzl] @

where

a

is the probability that someone with a GH infection receives treatment,

]

is the estimated probability that a treated case will involve sequelae, and

is the estimated lifetime medical cost per treated case of GH for people of sex sand sequelae
status x calculated according to Equation (1). Our base-case value of

a

was 17%, based on a previous estimate of the percentage of GH infections that are
symptomatic.19 We applied a base-case probability of sequelae of 15.5%

(

d

=15.5%), based on the number of people in our sample with HSV-related sequelae likely
attributable to GH divided by the total number of GH cases. In our baseline estimation, a
case with HSV-related sequelae was considered likely attributable to GH if a person had any
HSV-related diagnosis codes that were not clearly related to oral infection on or prior to the
date of their diagnosis code for HSV-related sequelae.

Probabilistic sensitivity analysis

We simulated our sample 10,000 times by redrawing all values for each person from
appropriate distributions generated using the true sample characteristics. A person’s initial
GH-related clinical visit cost, subsequent clinical visit cost, and medication costs were
drawn from log-normal distributions with means and standard deviations equal to the true
sample values for the respective variables. The number of subsequent clinical visits was
redrawn from a Poisson distribution. Whether a person’s initial clinical visit was inpatient
or not was based upon whether a draw from a uniform distribution from 0 to 1 was below
or above the sample mean. The probability that a GH infection is treated and the probability
that a case involves sequelae were each drawn from beta distributions. The simulated
samples were then used to estimate lifetime medical cost per GH infection 10,000 times.
The 51 and 95t percentiles of the resulting 10,000 cost estimates were used as the lower
and upper bounds of our confidence interval, respectively. These bounds were also used to
conduct one-way sensitivity analyses in which each set of parameters within the lifetime
medical cost equations were varied one at a time holding all other parameters constant at
their base-case values.
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From our initial sample of medical claims, we classified 352,196 people ages 15 to 49 years
with “possible GH cases” having a diagnosis code for GH or HSV-related sequelae (Figure
2). Of those, 203,131 were further classified as “probable GH cases” due to the presence

of a supporting medication claim. 68,885 people were classified as having “confirmed
index dates” due to having no related medication claims for 12 months before their earliest
identification as a “probable GH case.” 22,392 people classified as having “confirmed
index dates” were “continuously enrolled,” meaning they were observable for 36 continuous
months following their initial diagnosis. Lastly, clinical visits with potentially confounding
diagnosis codes were removed, yielding our final sample of 11,965 people. Our sample had
a median age of 33 years at initial diagnosis. At the time of first diagnosis, 59.4% were
covered by preferred provider organization (PPO) insurance (Table 2).

Costs for people without sequelae

Among people treated for GH who do not develop sequelae, the present value lifetime direct
medical cost per treated GH infection was estimated to be $906 for females and $864 for
males (Table 3). The average clinical visit associated with an initial GH diagnosis cost $220
for females and $168 for males. Subsequent GH-related clinical visits cost $153 and $146
for females and males, respectively. Females had an average of 0.228 subsequent visits in
the first year following initial diagnosis, 0.036 in year two, and 0.029 in year three. Males
had an average of 0.249 subsequent visits in the first year, 0.093 in the second, and 0.062 in
the third. For females, average expenditure on GH-related medication was $280 in year one,
$107 in year two, and $77 in year three. For males, medication costs were $232 in year one,
$105 in year two, and $80 in year three.

Costs for people with sequelae

For people treated for GH who develop sequelae, the present value lifetime direct medical
cost per treated GH infection was estimated to be $1,488 and $1,225 for females and males,
respectively (Table 4). Clinical visits during which GH was first diagnosed cost $638 for
females and $490 for males. Subsequent GH-related visits cost $291 and $200 for females
and males, respectively. Females had an average of 1.476 subsequent clinical visits in the
first year following initial diagnosis, 0.178 in year two, and 0.146 in year three. Males had
an average of 1.406 subsequent clinical visits in the first year, 0.230 in the second, and 0.154
in the third. Medication costs for females were $185, $57, and $36 in years one, two, and
three, respectively. Medication costs for males were $153, $65, and $37.

Combined costs

In our sample of “probable GH cases,” 15.5% had sequelae, yielding a probability-weighted
average lifetime direct medical cost per treated case of $996 for females, $920 for males,
and $972 overall (Table 5). Assuming 17% of GH infections are ever treated, the estimated
lifetime direct medical cost per GH infection is $169 for females and $156 for males, or
$165 overall.10 On average, the clinical visit at which genital herpes was first diagnosed
accounted for 27% of lifetime costs. Subsequent clinical visits and medications related

to GH accounted for an additional 13% and 60% of lifetime costs, respectively. In the
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probabilistic sensitivity analysis, the 5 and 95t percentiles of our 10,000 estimations of the
overall lifetime direct medical cost per treated case were $936 and $1,009, respectively. The
5t and 95 percentiles of the cost per infection were $90 and $258, respectively. In one-way
sensitivity analyses, our estimated cost per infection was most sensitive to variation in a,

the probability that a case of GH is treated. Varying a from 10% to 35% yielded cost per
infection estimates ranging from $97 to $340. Individually varying the remaining variables
resulted in estimates within 5% of the base case (Table 6).

Discussion

Our estimated lifetime direct medical costs per GH infection of $169 and $156 for females
and males, respectively, are lower than previous estimates by Fisman and colleagues
published in 2002 ($974 and $1,184 after adjusting for inflation). Much of that difference
is attributable to Fisman and colleagues’ inclusion of costs associated with lost productivity
and neonatal transmission. A more substantive contributor is a discrepancy in the number
of subsequent clinical visits per treated GH case. Fisman and colleagues assumed that those
on suppressive therapy had a clinical visit every three to six months and those on episodic
therapy had a visit every three to five flare-ups (with a median of 4 or 5 flare-ups in year
one and an annual decline of 0.7 afterwards). In our insurance claims sample, patients with
GH infections had far fewer visits, averaging 0.408 in year one. It may be that people in
our sample had more recurrences between visits than Fisman and colleagues expected. For
the estimated rates of recurrence, Fisman and colleagues cited studies such as Benedetti
(1994) conducted in research clinic settings in Washington, in which follow-up visits were
encouraged among study participants and might therefore have been more frequent than is
typical in routine practice.23 It might also be that the average number of recurrences is lower
at the time of this writing than it was in 2002. More recent work has identified substantial
increases in the share of GH infections resulting from HSV-1, which tends to have less
frequent recurrences than GH caused by HSV-2.2324

While we believe these estimates based on medical claims data constitute a meaningful
data-driven contribution to the literature on GH-related costs, the use of medical claims
data introduces potential limitations. First, medical claims data do not include costs for
those who are uninsured or who have public insurance. To the extent that uninsured

people diagnosed with GH are less likely to receive ongoing treatment, our estimates
would be biased upwards. Related to this point is the exclusion of individuals due to

our 36-month continuous enrollment sample criteria. As with uninsured people, those with
intermittent coverage may have lower healthcare utilization, and therefore lower lifetime
medical costs. One-way sensitivity analyses suggest that bias resulting from overestimation
of ongoing medication costs is unlikely to have a substantial impact on the final estimated
lifetime cost per GH infection (Table 6). A second limitation of claims data is the lack

of information about test results. To address this limitation, we restricted our sample to
those people with initial GH diagnosis codes that were accompanied by an appropriate
medication claim. Third, because the costs reported in insurance claims were not separable
by diagnosis code, clinical visits with non-HSV related diagnosis codes had to be excluded
from cost averages. If non-medication related costs of treating GH were higher for visits
with confounding diagnosis codes, conditional on sequelae status, then our estimates would
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be biased downwards. Fourth, pharmaceutical claims data do not indicate what condition
a medication was prescribed to treat. We assumed any medications with the generic
names “acyclovir,” “valacyclovir,” or “famciclovir” prescribed to people classified with
possible GH cases were prescribed for treating GH. This is unlikely to bias our results
substantially as these medications are used almost exclusively for treatment relating to
herpes viruses. Our estimates of medication costs for cases in which sequelae develop
may be underestimated in that they did not include costs of medications that may have
been prescribed in addition to the three antiviral medications listed above. However, due
to the nature of insurance claims data, our clinical visit cost estimates are inclusive of
any medication administered in inpatient settings. Our study could not determine whether
medication costs could be attributed to suppressive vs. episodic therapy. Fortunately, this
issue does not impact our average lifetime cost estimates, which reflect the average level of
use of suppressive and episodic therapy in the population we observed.

It should be noted that while this work focused on direct medical costs associated with the
clinical and pharmacological treatment of GH in an infected adolescent or adult, neonatal
HSV infection resulting from GH may constitute a substantial cost burden. A recent study
using Medicaid data identified 4.5 per 10,000 neonates as being born with HSV infections,
resulting in a median Medicaid payout of $93,296 (2019 dollars) within 6 months of
birth.# In addition to not including medical costs associated with prevention or treatment of
neonatal herpes, our estimates do not include costs relating to the increased risk of acquiring
HIV. Nor do they include costs associated with prevention of GH, such as screening costs,
or non-medical costs, such as those arising from GH-induced productivity losses. Perhaps
the most substantial cost associated with GH is the psychosocial burden carried by those
who are infected. Oftentimes anxieties about the implications of a GH diagnosis for one’s
sexual and romantic lives negatively impact mental health, inflicting a nontrivial toll on
one’s quality of life.25-28 Future work should build on our estimated direct medical cost by
incorporating the various cost domains excluded from this analysis in order to arrive at a
more holistic understanding of the burden inflicted by GH. Finally, differences between the
estimates presented here and those of previous studies should not be interpreted as changes
in the lifetime cost of GH over time, as any discrepancies may be due to methodological
differences. We hope that our updated study will prove as useful as these previous studies
not only to inform cost-effectiveness analyses of GH control interventions but also to help
quantify the cost burden of sexually transmitted infections in the United States.
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Costs of clinical
visits and
medications in
year 4 and beyond

Treated
a
PE—
(1-a) Not treated
Figure 1:

medical costs

—

Cost Calculation Logic Flow
Note: The probability that a given GH infection is treated is denoted by a.. The probability
that a treated case will involve sequelae is denoted by 8. Both a and & appear in Equation

(2).

. a (
*
No sequelae Costs of clinical visits
Cost of initial and medications over
[ clinical visit first 3 years following
Sequelae* initial diagnosis
L |\ J \
No direct

These costs were estimated using
MarketScan medical claims data.

On average, annual costs declined
each year after the initial diagnosis.

These costs were projected
based on trends in the
MarketScan medical claims
data for years 1-3.

* We stratified people by those who did and did not have any of the sequelae listed in Table
1. People with sequelae had higher annual costs on average than those without sequelae.

T We assumed that over the person’s remaining life expectancy, the annual number of
GH-related clinical visits and medication costs would continue to decline at the same rate as
observed from year two to year three in the MarketScan data.
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Possible GH Cases:
352,196 people with a diagnosis code for GH or HSV sequelae*

AN
Probable GH Cases: N
203,131 people identified as "Possible GH cases" who had
supporting GH medication claims®
AN
N

Confirmed Index Dates:
68,885 people who had no medication claims for 12 months
before their earliest identification as a "Probable GH case"

AN
A4

Continuously Enrolled:
22,392 people observable for at least 36 months following their
"Confirmed Index Date"

Final Sample:
11,965 people who were "Continuously Enrolled" and had at
least one claim with no confounding diagnosis codes*

Figure 2:
Sample Selection Process; People Ages 15-49 Years; MarketScan Sample 2010-2018

* Diagnosis codes for GH and HSV related sequelae are listed in Table 1.

T A person’s clinical visit was considered to have had a supporting medication claim if that
same person had a medication claim listed by the generic name *“acyclovir,” “valacyclovir,”
or “famciclovir” in the general timeframe of the clinical visit.

¥ People who ever had a visit with codes for both a GH diagnosis and non-GH diagnosis
were excluded from the average number of subsequent clinical visits per year and
probability of an initial clinical visit being inpatient. Any clinical visits such people had
that were free from confounding diagnosis codes were retained in order to inform the
average cost per initial or subsequent clinical visit. All people, regardless of the presence
of confounding diagnosis codes, were used in estimating the probability that a treated GH
infection involved sequelae.
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Table 1:

Diagnosis Codes Related to GH Infection; International Classification of Disease Ninth and Tenth Revisions
(ICD-9 and ICD-10)

Code  Version

Panel A: Codes Used to Identify Initial and Subsequent Visits

Viisits related to treatment of GH

Genital herpes, unspecified 054.1 ICD-9

Genital herpes, genitalia and urogenital tract A60.0 ICD-10
Herpes viral infection of perianal skin and rectum A60.1 ICD-10
Anogenital herpes viral infection unspecified A60.9 ICD-10

Viisits related to treatment of sequelae of GH

Herpetic meningoencephalitis 054.3 ICD-9
Herpes simplex with unspecified ophthalmic complications 054.4  ICD-9
Herpetic septicemia 0545 ICD-9
Herpes viral meningitis B00.3 ICD-10
Herpes viral encephalitis B00.4 ICD-10
Herpes viral ocular disease B00.5 ICD-10
Disseminated herpes viral disease B00.7 ICD-10

Panel B: Additional Codes Used to Identify Subsequent Visits

Herpes simplex with other specified complications 054.7 ICD-9
Herpes simplex with unspecified complication 0548 ICD-9
Herpes simplex without mention of complication 0549 ICD-9
Herpes viral vesicular dermatitis B00.1 ICD-10
Other forms of herpes viral infection B00.8 ICD-10
Herpes viral infection, unspecified B00.9 ICD-10

Note: People with diagnosis codes before October 1, 2015 received an ICD-9 diagnosis and those after October 1, 2015 received an ICD-10
diagnosis. Codes listed in this table were inclusive of all sub-codes. For example, 054.4 included 054.40, 054.41 and 054.49. To be retained in our
sample, a person needed to have an initial GH diagnosis beginning with one of the codes listed in Panel A. For those people, any future claims were
considered subsequent GH-related clinical visits if they were recorded using a diagnosis code beginning with any of the codes listed in Panel A or
Panel B. People with obstetrical diagnosis codes were excluded so as not to conflate costs associated with the treatment of GH with costs associated
with the prevention of neonatal herpes.
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Sample Characteristics; People Ages 15-49 Years; MarketScan Sample 2010-2018

(@) @ ©)]
Females Males  Total
Median age 33 36 33
Share with sequelae  10.9%  25.6% 14.4%
Insurance types
Comprehensive 1.8% 2.0% 1.8%
EPO 1.0% 0.7% 0.9%
HMO 13.3% 127% 13.2%
POS 9.5% 8.9% 9.4%
PPO 58.8% 61.0% 59.4%
CDHD\HDHP 14.9% 13.9% 14.6%
N 9,110 2,855 11,965

Table 2:

Page 15

Note: Summary statistics reported for age and insurance type reflect the value at the time of initial diagnosis. The unabbreviated insurance types
are: comprehensive, exclusive provider organization (EPO), health maintenance organization (HMO), point-of-service (POS), preferred provider
organization (PPO), and consumer-driven health plan or high-deductible health plan (CDHD\HDHP). Insurance types do not necessarily sum to
100% due to rounding and missing data.
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Table 3:
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Estimated Lifetime Medical Costs per Treated Case of GH without Sequelae; People Ages 15-49 Years;

MarketScan Sample 2010-2018; 2019 Dollars

@

Females

@

Males

(©)]
Total

Initial visit cost (/C)
Subsequent visit cost (SC)
Number of subsequent visits (SV)
Year 1
Year 2
Year 3
Antiviral medication cost (DC)
Year 1
Year 2
Year 3
Observed medical costs for 3 years after initial GH diagnosis

Estimated lifetime medical cost per treated case of GH without sequelae
(

lmcs,x:O

N

$220 ($207-$234)
$153 ($146-$161)

0.228 (0.220-0.237)
0.036 (0.035-0.038)
0.029 (0.028-0.030)

$280 ($271-$289)
$107 ($104-$110)
$77 ($75-$80)
$721 ($701-$741)
$906 ($882-$931)

8,114

$168 ($155-$171)
$146 ($141-$152)

0.249 (0.232-0.267)
0.093 (0.086-0.100)
0.062 (0.058-0.067)

$232 ($216-$250)
$105 ($98-$113)
$80 ($75-$86)
$634 ($599-$661)
$864 ($814-$907)

2,125

$209 ($198-$220)
$152 ($146-$158)

0.233 (0.225-0.241)
0.048 (0.046-0.050)
0.036 (0.035-0.037)

$270 ($262-$278)
$107 ($103-$110)
$78 ($76-$80)
$703 ($685-$719)
$897 ($875-$918)

10,239

Note: Means (confidence interval). Estimated lifetime medical costs per treated case of GH without sequelae were calculated according to Equation
(1). Total lifetime cost cannot be replicated directly from the data in this table because the total lifetime cost includes costs incurred beyond year

three.
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Table 4:
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Estimated Lifetime Medical Costs per Treated Case of GH with Sequelae; People Ages 15-49 Years;

MarketScan Sample 2010-2018; 2019 Dollars

@

Females

@

Males

(3
Total

Initial visit cost (/C)

Subsequent visit cost (SC)

Number of subsequent visits (SV)

$638 ($458-$839)
$291 ($223-$389)

$490 ($315-$687)
$200 ($143-$285)

$575 ($446-$712)
$253 ($203-$323)

Year 1 1.476 (1.415-1.539)  1.406 (1.334-1.477)  1.446 (1.399-1.494)
Year 2 0.178 (0.170-0.185)  0.230 (0.219-0.242)  0.200 (0.193-0.206)
Year 3 0.146 (0.140-0.152)  0.154 (0.146-0.161)  0.149 (0.144-0.154)

Antiviral medication cost (DC)

Year 1 $185 ($159-$216) $153 ($131-$180) $172 ($154-$193)
Year 2 $57 ($49-$66) $65 ($55-$76) $60 ($54-$67)
Year 3 $36 ($31-$42) $37 ($32-$43) $36 ($32-$41)

Observed medical costs for 3 years after initial GH diagnosis $1,279 ($1,068-$1,523)  $1,129 ($907-$1,387)  $1,216 ($1,055-$1,393)

Estimated lifetime medical cost per treated case of GH with $1,488 ($1,255-$1,764)  $1,225 ($992-$1,500)  $1,377 ($1,202-$1,575)

sequelae
C
lmc:,x =1

)
N 996 730 1,726

Note: Means (confidence interval). Estimated lifetime medical costs per treated case of GH with sequelae were calculated according to Equation
(1). Total lifetime cost cannot be replicated directly from the data in this table because the total lifetime cost includes costs incurred beyond year
three.
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Table 5:

Estimated Lifetime Medical Costs per GH Infection; People Ages 15-49 Years; MarketScan Sample 2010-

2018; 2019 Dollars

@ @ (©)]

Females Males Total

Estimated lifetime medical cost per treated case of GH without
sequelae (Table 3)

Estimated lifetime medical cost per treated case of GH with
sequelae (Table 4)

Probability that a treated GH case involves sequelae

0
)

Overall estimated lifetime medical cost per treated case of GH
C_

Imc

)

Probability that a GH infection is treated

(

a

)

Estimated lifetime medical cost per GH infection
G

LMC

)

N

$906 ($882-$931) $864 ($814-$907) $897 ($875-$918)

$1,488 ($1,255-$1,764)  $1,225 ($992-$1,500)  $1,377 ($1,202-$1,575)

15.5% (11.4%-19.6%)  15.5% (11.4%-19.6%)  15.5% (11.4%~19.6%)

$996 ($950-$1,049) $920 ($861-$975) $972 ($936-$1,009)

17% (10%-35%) 17% (10%-35%) 17% (10%-35%)

$169 ($78-$287) $156 ($71-$260) $165 ($90-$258)

9,110 2,855 11,965

Note: Means (confidence interval). Estimated lifetime medical costs per treated case of GH both with and without sequelae were calculated
according to Equation (1). Estimated lifetime medical costs per GH infection were calculated according to Equation (2).
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Table 6:

One-way Sensitivity Analyses: Estimated Lifetime Medical Costs per GH Infection (Total Sample, Females
and Males, Ages 15-49 Years) When Varying One Parameter Value At a time, 2019 Dollars

Parameter varied 1) 2
Lifetime cost when lower Lifetime cost when upper
bound value of parameter is  bound value of parameter is
applied applied

None (base-case analysis) $165 $165
Probability that a GH infection is treated $97 $340

?

%

Probability that a treated GH case involves sequelae $162 $168

o

) r

Probability initial clinical visit was inpatient $159 $172

Cost of initial inpatient clinical visit $164 $166

Cost of initial outpatient clinical visit $164 $166

Number of subsequent clinical visits (SV) $161 $171

Cost of subsequent clinical visits (SC) $165 $165

Cost of medication (DC) $160 $170

Rate of decrease in costs years 4 onward (%ASV, %ADC)I $133 $455

Note: MarketScan Sample 2010-2018. All values listed are estimations of lifetime direct medical cost per GH infection. Unless stated otherwise,

all lower and upper bound parameter values applied reflect the 5t and gsth percentiles from 10,000 simulations of the MarketScan sample (as
shown in the confidence intervals in Table 3 and Table 4).

*
The probability that a GH infection is treated
(

[04

) was varied from 10% to 35%, the range of people with HSV-2 estimated to be aware of having a GH infection.29:30 The lifetime cost per
infection can be calculated for any value of

a

by multiplying

a

by the lifetime cost per treated case.

fThe probability that a treated GH case involves sequelae

(

d

), was calculated as the number of people in our sample with HSV-related sequelae likely attributable to GH divided by the total number of GH
cases. The base case

(

d

=15.5%) assumed that initial diagnosis codes ambiguous about the site of infection were likely attributable to GH. The lower bound

(

[/}

=11.4%) assumed that cases with ambiguous coding with respect to site of infection were attributable to GH in the same proportions as
unambiguous cases. The upper bound

(
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7}
=19.6%) was assumed to be symmetric to the lower bound with respect to the base-case value.

’tLower bound values for percent decreases in subsequent visits and medication costs suppose decreases of 100%. That is, they represent a scenario

in which there are no additional costs in years four onward. The upper bound values assume percent decreases of 0%, meaning the number of
subsequent visits and the cost of medications remain constant from year three throughout the remainder of a person’s life.
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