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ABSTRACT

Objectives: The World Health Organization (WHO) highlights the need for a vaccine against herpes
simplex virus (HSV) partly due to a high disease burden globally. Little is known about its economic
burden across countries. This article aims to summarize existing evidence on estimates of costs and
resource utilization associated with genital and neonatal HSV and its methodological variation in

healthcare systems.

Methods: We searched seven databases without language restriction. Studies reported either
resource utilization or cost associated with HSV-related healthcare, including screening, diagnosis
and treatment of genital HSV infection and neonatal herpes prevention and treatment. Studies
published from inception to August, 315t 2020 were included. A focused search was also performed

to supplement the results. Data were extracted and summarized descriptively.

Results: Out of 11,443 articles, 38 were included. Most studies (35/38, 94.6%) were conducted in
high income countries, primarily the United States, and were more often related to the prevention
or management of neonatal herpes (n=21) than HSV genital ulcer disease (n=17). Most analyses
were conducted before 2010. There was substantial heterogeneity in the reporting of HSV-related
healthcare resource utilzation and associated costs. Economic burden estimates based on these
costs were similarly heterogeneous, with wide variation in methodology, assumptions, and outcome
measures between studies. For example, lifetime costs of neonatal herpes ranged from USD$48,519

to as much as USDS$1,296,792, depending on whether long-term disability care costs were included.

Conclusions: A paucity of evidence exists on health resource utilization and costs associated with
HSV infection, especially among low- and middle-income countries. Future research is needed on
costs and healthcare utilization patterns to improve overall understanding of the global economic

burden of HSV.

(271/300 words)

Keywords: herpes simplex virus; healthcare resource utilzation; neonatal herpes; pregnancy; genital
ulcer
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Strengths and limitations of this study

e Herpes simplex virus infections are common and can cause genital ulcer disease, neonatal
herpes, increased HIV risk, and psychosocial consequences, but current prevention
interventions are limited.

e This systematic review demonstrated that there were only limited studies describing economic
burden of HSV.

¢ Most studies were conducted in high income countries related to the prevention and
management of neonatal herpes compared to genital ulcer disease.

e Results from this study form a repository to inform future economic evaluations, which will be
crucial to determine the potential value of interventions for HSV, such as vaccines

e Further research on the healthcare resource utilization patterns and cost of HSV is needed,

especially from other low-middle income countries.
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INTRODUCTION

Herpes simplex virus (HSV)-1 and HSV-2 are DNA viruses that belong to Alphaherpesviridae, a
subfamily of the Herpesviridae family.! Both viruses can cause genital infection, which can have a
profound impact on sexual and reproductive health. HSV-2 is almost entirely transmitted during
sexual activity and is the most common cause of genital herpes, affecting more than one in every 8
individuals, or 491.5 million people, aged 15-49 years in 2016.2 HSV-1 is the main cause of oral
herpes but can also be transmitted to the genital area through oral sex. HSV-1 affects an estimated
3.7 billion people under age 50 globally, of which over 120 million may have genital infection.2 While
the prevalence of HSV infection is high globally, it varies widely by region, with the highest
prevalence of both HSV-1 and HSV-2 in the African region, which is primarily comprised of low- and

middle-income countries (LMIC).12

Genital HSV infection is lifelong and characterised by periodic reactivation. Many infections are
asymptomatic or unrecognized, but up to a third of people may develop painful, recurrent genital
sores known collectively as genital ulcer disease (GUD).? Antiviral medications can be taken
episodically to shorten GUD outbreaks or taken daily (suppressive therapy) to reduce the number of
outbreaks, but they are not curative. Pregnant women with genital HSV infection can also transmit
the virus to their infants in the peripartum period, resulting in neonatal herpes.* Although this
occurs only rarely, neonatal herpes has a high fatality and disability rate among surviving infants. As
such, particularly in high-income countries (HIC), prevention measures such as caesarean section are
often undertaken if a mother has active HSV lesions at delivery. Genital HSV-2 infection has also

been linked to an increased risk of acquisition and transmission of HIV infection.”

The World Health Organization (WHO) has highlighted the need for a vaccine against HSV-2, due to
large numbers of infections globally and the resulting disease consequences including GUD, neonatal
herpes, and increased risk of HIV acquisition.® Multiple vaccine candidates have been studied to date
with modelling studies showing that prevention of HSV-2 infection with a vaccine could potentially
also reduce the incidence of HIV infection.” Vaccines targeting HSV-2 might also have benefits
against HSV-1.2 Understanding the potential value of HSV vaccines requires not only predicting the
impact of the vaccines on HSV-related disease burden, but also on its economic burden. However,

little is known about the economic burden of HSV globally. As a first step in estimating HSV-related
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economic burden, we conducted a broad systematic review with the aim of summarizing all available
evidence on costs and resource utilization associated with diagnosing, treating, and managing HSV

infection and disease, and specific cost drivers across healthcare systems.
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METHODS
Data Sources and Search Strategy

We electronically searched for relevant articles published from database inception to August 31t
2020 in 7 databases: PubMed, PsychINFO, EMBASE, Centre for Review and Dissemination, EconlLit,
CEA registry and WHO Library Database (WHOLIS). The search strategy was based on a broad
combined search string “Herpes Simplex Virus” AND “cost” OR “resource utilization” OR “econ*”,
with no language restriction. A complete search strategy is detailed in Appendix 1. In addition,
bibliographies of relevant articles were examined to identify potential studies not indexed in the

aforementioned databases.

Study Selection

Studies were included if they were original articles that investigated resource utilization patterns and
costs related to HSV infection including the cost of any diagnostic tools, consultation time, treatment
and hospital cost related to detecting and managing all types of HSV-1 or HSV-2 related neonatal and
genital infections and associated disease outcomes. We included articles which were published in

any languages. A focused supplemental search was performed using the keywords listed in Appendix

2 based upon the inclusion above.

Data Extraction and Quality Assessment

The study followed a 2-stage process, where two independent reviewers screened the titles and
abstracts for relevant studies, before the full texts were screened by another two independent
reviewers for eligibility. Relevant information from the identified studies was extracted
independently by two reviewers using a standardized data extraction sheet. At all stages, any
disagreement was resolved by discussion between reviewers through consensus. Information
collected from the data extraction sheet included: 1) general study information including country of
the study, 2) HSV subtype and disease, 3) study design, 4) healthcare resource utilization, 5) costs of
relevant tests, clinical care, hospitalisation, and medications, and 6) summary estimates of HSV-
related economic burden. Methodological quality of all included economic studies was assessed
using the Consensus Health Economic Criteria (CHEC) list. This checklist has been recommended for
critically appraising published economic evaluations. The checklist has 19 domains and includes

reporting standards for economic model characteristics (population, time horizon, perspective and
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discount rate), identification and valuation of costs and outcomes, discussion points, conclusions as
well as funding and conflicts of interest. All cost of illness studies were evaluated for risk of bias
using the Larg and Moss'’s checklist. No quality appraisal was performed on studies reporting

healthcare resource utilzation.

Data Analysis

A component-based analysis was used to describe and synthesise the overall findings from all
included studies. Specifically, tabulation methods were used to report on study characteristics,
outcomes and costs. Tables for resource utilization and disaggregated costs were presented and
summarized. All costs were presented according to the recommendations of Turner et al., 2019°. For
studies that did not provide the year of cost data, the year of publication was used. Adjustment for
inflation was done using the Gross Domestic Product deflator (GDP deflator) of the studied country.
Cost estimates were then converted and reported in 2017 United States Dollars (USD). GDP deflator

and exchange rates were obtained from the World Bank.1°

Patient and public involvement

Patients were not involved in this systematic review. Their input was not sought in the design,

interpretation or writing of the document.
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RESULTS

Study Selection

Our search yielded a total of 11,443 articles of which 8,779 articles were excluded as they were not
relevant for this review based on title screening. The remaining 2,664 articles were further screened
by title and abstract and 299 articles were assessed for inclusion. We excluded 261 articles (n= 98 for
not related to HSV, n =44 review articles/case report, n =116 not reporting resource utilization or cost,
n =3 available only in abstract), leaving a total of 38 studies included in this review, as shown in Figure

1.

Overview of Study Characteristics

Of the 38 included articles, 14 studies!?* described resource utilzation only, 12 studies?>3¢ reported
on costs, and 12 studies®”“® reported both resource utilization and costs of HSV
diagnosis/management. These studies, published from 1989 to 2020, reported resource utilzation or
costs related to the diagnosis and management of HSV-related GUD among adults/adolescents!418 24
26-3033-36 4048 (n=17), neonatal herpes prevention in pregnant mothers (n=13)1%-21 232531323839 4245 g
neonatal herpes management!!-13 22 3741 46 47 (n=8) The majority of studies were conducted in HIC
(35/38, 94.6%) including the United States!!13161821232526303134-48 (n= 26), Canada'*1°2232 (n=4), United
Kingdom?® 2° (n=2), France!? ?* (n=2) and Ireland?® (n=1)), while only one study (1/38, 2.6%) was
conducted in a middle-income country, in particular South Africa?®. A global survey focusing on the
experiences of patients receiving care for genital herpes in 78 countries included some data on
healthcare utilization.?” In addition, a modelling study estimated the costs of implementing the Global
Health Sector Strategy on Sexually Transmitted Infections (STls), 2016-2021, in 117 LMICs, including

costs related to syndromic management of GUD, the vast majority of which is caused by HSV-2.33

Methodological Heterogeneity

There was substantial heterogeneity in the reporting of the included studies. Most studies were cost
or resource utilization studies (n=23), while the remaining were cost-effectiveness studies (n=15).
Among cost or resource utilization studies, data were collected retrospectively (n=13), prospectively
(n=7), or not reported (n=7). The number of participants in each study varied, which could be as few

as 39 participants to as large as 42 million in studies that analysed claims datasets. Twenty-one studies
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(21/38, 55.3%) included participants who had either HSV-1 or 2, ten studies (10/37, 27.0%) specifically
included participants with HSV-2, while the remaining eight studies (8/38, 21.1%) did not specify which
type of HSV they examined. A summary of the characteristics of these studies is presented in Table 1,
and study findings are presented in Tables 2 and 3 (See appendix for detailed unit cost tables and

accompanying references).

Cost and health resource utilization pattern of genital herpes infection

Among all 17 studies!4-182426-3033-36 4048 jnyestigating cost and health resource utilization pattern of
genital herpes, 11 studies reported some cost components of care for genital herpes infection26-3033-
364048 (Tables 1 and 2). All but one of these studies were conducted in HIC and only one LMIC study
(from South Africa) was found. The cost components of the included studies were variably
reported. Three studies?’ 308 reported laboratory testing costs associated with diagnosing HSV. Eight
studies?627293033364048 deascribed costs associated with syndromic management of GUD. In four
studies?8223348 the authors describe the drug charges associated with treatment or prevention of
HSV using oral acyclovir (doses of 200mg-400mg). The cost reported varied considerably, ranging
between USD$0.53 to USD$16 for a 5 to 7 day treatment course for episodic GUD and USD$40 for a
month of suppressive therapy with acyclovir. Two studies?’ % provided the total drug charges
associated with overall management of GUD, but no details related to the treatment regimen,
duration or HSV of HSV being treated (Table 2). Seven studies?’-2°33434448 described labour and
service delivery costs such as cost of physician visits, drug procurement cost, counselling cost and
clinical examination associated with HSV. Similarly, there was variation in terms of reported labour
and service delivery cost, which could be as low as USD$0.28 for 10-minute counselling?® to as high
as USDS120 for consultation and lost wages of patient time?8. Indirect costs were considered only by

Szucs et al, who estimated HSV-related productivity losses, which was estimated at USDS60 a visit?’.

Considering the cost components together, Owusu-Edusei et al estimated that the lifetime direct
medical cost per case of genital HSV infection in the U.S. (considering only GUD-related costs and
adjusted to 2017 USD) was USDS$855 among men (range: USD$428- USD$1,284) and USDS698
among women (range: USD$350- USD$1,047)%. This translated to a total cost of USD$607.3 million
(range: USD$303.59 million — USDS 910.89 million in 2017 USD) for lifetime management of new or
newly diagnosed cases of HSV-2 in the United States occurring in 2008. Scuzs et al meanwhile

estimated that the annual direct and indirect medical costs in the United States would amount to
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USD$983 million, based upon an estimated 3.1 million symptomatic genital HSV episodes (both new

and recurrent) a year?’.

The only middle income country study, from South Africa??, reported the diagnostic/ operational
costs associated with medication, staff and laboratory costs for daily HSV-2 suppressive therapy
among people living with HIV?8. The median cost for HSV-2 suppressive therapy per life-year gained
ranged between USD $685 to USD $951 (adjusted to 2017 dollar) among HIV-1 infected anti-
retroviral naive women. The authors estimated that this could be a cost-effective method for
delaying HIV disease progression, especially when the price of acyclovir was lower than the price of
USD $0.026/day for a twice daily 400mg dose. However, this study was conducted when ART use
was recommended only when CD4 count fell below a threshold of <200 cells/uL or <350 cell/uL
(Appendix Table 2). On a more global level, in Korenromp et al’s cost estimates for implementing the
Global STI Strategy in 117 LMIC over 2016 to 2021, the authors reported that it would cost
approximately USD$109 million to diagnose and treat HSV-related GUD episodes seen in clinical
care, not including service delivery costs.3? These costs were estimated despite assuming that only
about 4% of all HSV-2 infected people would seek care for GUD (15% recognizing symptoms and 28%

of those seeking care).

A total of 8 studies described health resource utilization patterns for genital herpes infection4-182736
40, and all were from high income countries (Tables 1 and 3). Five of these studies!*16-183¢ reported
the population rate of seeking medical care for HSV, based upon retrospective analyses of databases
of patients from health surveys'®8, In the study by Xia and colleagues, the authors found that the
total genital herpes associated ED use have increased from 24,747 visits in 2006 to 36,518 in 201336,
It is important to note that none of the studies reported the proportion of those seeking medical
care among HSV-infected individuals. Most of these consultations were relatively short in nature,
and were less than 15 minutes (79%)%’. Two studies described the diagnostic methods used to
determine HSV among their population. In the first study conducted in 2004, Patrick et al. surveyed
physicians in 78 countries and reported that the most commonly used test was viral culture, which
was performed in 49% of the individuals’ (Table 3). At the time of the study, the use of PCR was not
yet common in clinical practice. A recent study in France by Heggarty et al. in 2020 found that PCR is
now more commonly used, with 43.3% of respondents in their survey stated that they would
conduct PCR in addition to HSV serology while another 39.9% would conduct PCR only to confirm a

HSV diagnosis?*.
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Treatment patterns of individuals with genital herpes were also reported in four studies!> 7244°, The
study by DesHarnais et al in 1996 reported on antiviral use only among hospitalized patients with
herpes infections, which is unlikely to be representative of the vast majority of people with HSV
infection. Patrick et al in their survey found that 65% of people with genital herpes had ever been
treated with antivirals, while 18% used topical prescription medication and 13% used over the
counter topical cream. Among these individuals, 67% had received episodic therapy while 31%
received chronic suppressive therapy (Table 2). Another study on herpes-related quality of life
reported that 76.9% of respondents had ever been treated with antivirals, and 33.3% of the

respondents with HSV were on suppressive antiviral therapy when the survey was administered?®.

Cost and health resource utilization pattern of prevention of neonatal herpes among pregnant

mothers

Nine studies reported costs for neonatal herpes prevention among pregnant mothers?> 3132383942-45
(Tables 1 and 2). Seven studies31323839424345 proyided estimates on the cost for treatment and
childbirth delivery options, including caesarean and vaginal delivery in addition to inpatient costs.
The cost of hospitalisation ranged considerably, and could be as low as USD$300 to as high as
USD$32,483, while the cost of delivery ranged between USDS$2,300 -$9,490. The costs associated
with different laboratory tests used, such as ELISA screening or viral cultures3?3° were reported,
while detailed listing of the cost component of different delivery methods and hospital care were
included in some studies (Appendix Table 3). The cost-effectiveness studies examined the impact of
either acyclovir suppressive therapy?> 314243 or routine antenatal screening3?38394445 for prevention
of neonatal herpes. In a study by Randolph et al in 1996%, the authors found that prophylaxis with
acyclovir during late pregnancy could be a cost-effective strategy to reduce the need for caesarean
delivery due to genital herpes outbreaks during labour. Baker and colleagues in 2004 further
expanded this work and estimated that adding serological testing to antiviral suppressive therapy
had an incremental cost per quality-adjusted life year gained (QALY) of $18,680, compared with no
screening or suppressive therapy®. A modelling study by Tuite et al in 2010 had similar findings

related to screening for HSV in pregnancy?2.
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Our focused search found a total of 10 studies which reported resource utilzation among pregnant
mothers to prevent neonatal herpes'®2438394244  Among these, four were cost-effectiveness studies
which had provided some information regarding resource utilzation based upon estimates from
literature or assumptions.38324244 |n one of the earliest studies by Brocklehurst in 1995, a survey of
British obstetrician-gynaecologists revealed that most would recommend some form of antenatal
screening for HSV using viral cultures usually by week 34 of gestation®®. However, such screening is
no longer recommended in the UK. Studies within HICs that have national obstetrics guidelines
recommending caesarean delivery when HSV lesions are present at delivery have shown that most
clinicians follow this guidance?®-23. For example, in a Canadian study, caesarean section was offered
"most of the time" to women with HSV lesions at delivery by 92% of obstetricians and 82% of family
physicians?2. In addition, in these settings women with genital herpes are often offered antiviral
suppressive therapy in the third trimester?® 22, Both valacyclovir and acyclovir have been used, with
difference in preference by country. In the most recent survey of clinicians managing pregnant
women with HSV by Heggarty et al in 2020, the authors noted that 68.4% “always” prescribe
suppressive antiviral therapy during the third trimester and an additional 11.6% “often” prescribe it
for women with symptomatic primary HSV infection during pregnancy.?> For women with recurrent
symptoms during pregnancy, 55.1% of providers “always” prescribe and 12.9% “often” prescribe

antiviral prophylaxis in the third trimester.?

Cost and health resource utilization pattern of neonatal herpes management

Four studies3” 414647 reported cost of neonatal herpes management and reported only direct medical
costs (Tables 1 and 2). One study reported direct non-medical cost for long-term care of individuals
with neurological disability due to sequelae of HSV3°. All studies were in HIC. The reported cost of
hospitalisation of neonatal HSV ranged considerably, from $27,843 to $92,664. One study reported
the cost associated with hospital readmission, which was reportedly similar to the first
hospitalisation episode?®®. Six studies3?424>48 accounted for the costs of informal care in their
calculation. Informal caregiving was defined as care provided by caregivers for infants who had
neurological sequelae following neonatal herpes. In total, seven studies3?3° 424548 estimated long-
term care costs of neonatal herpes patients. One of these, by Thung et al**, provided the estimated
cost for long term care of neonates with mild neurological deficit due to HSV, which cost
USDS17,304.61 after adjusting for inflation to 2017 values. Six studies3?42-4548 provided estimates for
the lifetime cost of caring for a child with moderate and severe disability, and fall within the range

USD$68,894 to USD$S432,263 and USD$232,698 to USDS 1,296,792 respectively. It is important to
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note that all studies relied on estimation of long-term costs calculated by Weitzman*® with some

different assumptions, while one study?3® used other sources of data.

A total of 7 studies!!-1337414647 described resource utilization among individuals with neonatal herpes
(Tables 1 and 3). These studies described the length of stay for hospitalization which varied
considerably, with median hospital stays ranging from 6-34 days'' 2. Ahmad et a/ noted that nearly
9.4 to 9.8% of neonates who had HSV required ICU stay!. None of the studies reported the number

of days for ICU hospitalization.
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DISCUSSION

Our review revealed a heterogeneous body of evidence on the health resource utilization and costs
associated with genital and neonatal HSV infection, as well as some summary economic estimates
and cost-effectiveness studies of HSV intervention strategies, such as use of antivirals or screening,
which included unit cost data. While the evidence base provides a starting point for understanding,
several gaps remain. Despite the broad search strategy and inclusion criteria, we identified only 38
papers, which shows the paucity of data on HSV-related healthcare resource utilzation as well as
economic costs, especially from LMIC settings. The lack of data from LMIC is particularly concerning,
as these countries bear the greatest burden of HSV infection and disease.?3>° The current review
only identified one cost-effectiveness analysis from a middle income country?® focused on people
living with HIV only, and one high-level modelling study predicting costs of implementing care for
HSV GUD across 117 LMIC globally33. In addition, many of the studies we found were relatively old
and may not reflect current practices such as the use of newer diagnostics (e.g. PCR) and newer care

recommendations.

While data on resource utilzation and costing were most comprehensive from the US, large gaps
remain in many areas. For example, Gilbert and colleagues?® described the proportions of individuals
seeking care for genital herpes among adults aged 18 to 24 from 2000 to 2006, but since then there
have been no new updates. In terms of costing, we noticed similar trends, as studies?® mostly
referenced cost data collected in 2001 by Szucs et al?’. This lack of data is similarly noted related to
HSV infection during pregnancy. While some information from health surveys exists, healthcare
resource utilzation information is rarely tracked or reported. Our search demonstrated that for most
of the world, data on HSV related resource utilzation are sparse. As such, new data sources and
better data collection efforts are needed to collect these standardized non-fatal data from diverse
healthcare settings. One major need is an understanding of how closely clinicians follow national
guidelines on HSV care and treatment, such as the studies by Kenny et a/?> and Heggarty et?* al from

Canada and France respectively.

Our review was also constrained in summarizing findings across studies or countries and in
conducting across-study comparisons, due to the limited data and differing methodologies,
healthcare settings, and practices, particularly for healthcare resource utilzation. Another concern

was the heterogeneity in data presentation in many studies identified. For example, the length of
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hospital stay reported in studies varied considerably, with different assumptions used by authors,
and as a result, the cost of hospitalisation varied significantly even within the United States, which
limits the potential generalizability of these findings across different settings?374147, Healthcare
practices also differ between LMIC and HIC with respect to how HSV is managed, eg, most HSV cases
in LMICs are treated as part of syndromic management for GUD, without diagnostic testing. This may
mean that additional testing costs might need to be considered for HICs, whereas additional
treatment, for example for syphilis and chancroid, which can also cause GUD syndromes, might need
to be considered for LMICs. The focus on GUD more generally in LMICs may have made it more

challenging to identify potentially relevant HSV-specific studies for LMIC settings.

In order to estimate the global economic burden of HSV to contribute to the understanding of the
potential value of HSV interventions, research on HSV-related costs and healthcare utilization
patterns is urgently needed, especially from LMIC settings. Standardization of methods for the
measurement and reporting of economic costs would enhance across-study comparisons and inform
prioritization strategies of global funders. Only one study broadly attempted to quantify the
economic burden of HSV, which the authors estimated would require a projected investment of
around USDS$109 million from 2016 to 2021, just for the management of HSV-associated GUD, not
considering service delivery costs®3. However, this analysis only modelled treatment of HSV GUD for
a small proportion of people with HSV-2 infection (approximately 4%: assuming 15% would
recognize symptoms and 28% of those would seek care) and did not account for HSV recurrences
within a given year. New global estimates of HSV GUD suggest this is likely an underestimate.? In
addition, as this model lacked country-level estimates of baseline disease and did not take into
account the full spectrum of disease outcomes related to HSV nor the burden on health systems, the
costing estimates remain imprecise and incomplete, suggesting the need for a more comprehensive

model.

This is the first systematic review of scientific literature on the healthcare resource utilzation for
HSV. We conducted a comprehensive literature search and included grey literature through our
focused search. Nevertheless, most studies were only conducted in HIC especially from the USA. We
did not find any study that originated from the Asia region. As the practice and thus utilzation of
resources will vary between setting and countries due to epidemiological and health systems, this
will limit the generalisability of findings. We assessed study quality of all included studies, which

allows for readers to assess the internal validity of these studies. The literature search was also
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limited to English language. As data on healthcare resource utilzation may be published in
government reports, or book chapters, these may not have been retrieved and included into this

review.
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CONCLUSION

This review is the first attempt and a key step towards providing data needed to understand the
global economic burden of HSV infection, for both HICs and LMICs. Available economic estimates,
primarily from HICs, suggest the economic burden of HSV infection could be substantial. However,
the global picture remains incomplete. Results obtained from this study will form a repository which
can inform future economic evaluations of interventions for HSV infection, including HSV vaccines,
microbicides, or new antiviral medications.>* These types of economic data are crucial not only to
improve the planning and development of any future HSV-related healthcare interventions, but also

to optimize the allocation of healthcare expenditures and medical resources.
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Table 1: Summary of included studies reporting healthcare costs and/or resource utilzation related to HSV infection

HSV-subtype Cost data Healthc.a re .
Author, year | Population and Sample resource utilzation
. Study design | Study objective . Healthcar Healthcar
Country setting size . Treat . Treat
1 2 e delivery e delivery
ment ment
process process
HSV genital ulcer disease among adults/adolescents
Almonte- General To study the dynamics of HSV—
Vega, 2020 population aged Cost-analysis | 2 transmission, control and - X X
USA3> 15-49 years old impact of treatment policies
Records of To investigate the rates of
Aslam. 2012 individuals in the | Retrospectiv | diagnosed cases of GH in
’ Canadian Disease | e study Canada from 2002 to 2007 652 X
Canada'* .
and Therapeutic
Index (CDTI)
To describe patterns of
antiviral drug use for patients
hospitalized with chickenpox,
Adults with herpes simplex, and herpes 3011
Desharnais, herpes diagnosis Retrospectiv zoster infections, and also for
1996 from the HCIA a subgroup of herpes patients X X X X
USA%0 Clinical Pathways e study with severe infections
Data Base (systemic infections, eye
infections, encephalitis,
hemorrhagic pneumonitis, and
other severe conditions)
Fisman, 2002 | Individuals aged Cost- To project the future burden
USA34 15 to 39 years effectiveness | of HSV-2 infection in the i X X X
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1
2
i United States, using a
5 mathematical model that
6 incorporated epidemiologic
7 trends documented between
8 1976 and 1994
9 To evaluate the projected cost
10 . . ffecti f strategies t
1 Fisman, 2003 | Heterosexual Modelling etrectiveness of stra e.g|e.s O.
a8 prevent HSV-2 transmission in | -
12 USA couples study . .
3 couples with no history of
14 HSV-2 infection
15 To estimate the impact on
16 Fisman, 2005 Individuals witch Prospective health-relatefj quality of life
17 s recurrent genital associated with both 39
Canada study .
18 ulcer symptomatic and
19 asymptomatic GH
20 Add
;; To investigate characteristics Health
i ith GH i Data:
23 Gilbert, 2010 Retrospectiv assou.ated V\.”t. GH screening AL
24 USAZ6 Young adults e study and diagnosis in sexually 11,570
25 active young adults aged 18 to | NCHA:
26 24 222,74
27 0
28 To estimate the costs of
;g reaching the 2020 STl strategy
milestones for the period
P le 15-49
31 Korenromp, eor? ('a . year Modelling 2016-2021, to support policy,
32 33 old living with L . -
33 2017 HSV-2 study planning, implementation, and
34 future cost-benefit evaluation
35 of the global STl strategy
36 2016-2021.
37 Owusu- . To examine the utilization and
38 . People aged 15- Retrospectiv . .
Edusei, 25 vears o stud cost of the diagnostic methods | -
ig 2013a y ¥ used for STl screening among
41
42
23 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45
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USA30 privately insured adolescent
and young adult population
Owusu- Cost of To update the estimates of
Edusei, i iliness lifetime direct medical cost for i
2013b . 8 major STI
USAZ analysis
Patrick, 2004 To describe patient
Worldwide . . experiences and views
Subjects with . .
survey from . Survey regarding genital herpes 2075
genital herpes
78 management
countriest’
To estimate the economic
Szucs, 2001 | General Economic burden of GH in the USA, 465,07
USA?7 population analysis using two different costing 5
approaches
To assess the US direct
Cost-of- medical expenditures for
Tao, 2000 General ilness genital herpes and its p
USA8 population analvsis complications to assist policy
y makers in allocating limited
STD resources efficiently
To compare the cost per ulcer
Vickerman, Cost- treated of using the 1994 and
2008 - offectiveness 2003 algorithms amongst -
UK?® individuals presenting with
GUD
To estimate the cost-
Vickerman, effectiveness of daily acyclovir
2011 HIV+ women Cost- _ for delay.lng HIV—l disease 300
South effectiveness | progression in women not
Africa?® eligible for antiretroviral

therapy (ART)
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To determine the utilization

Xia, 2018 . and cost burden associated
. General Retrospectiv . . . .. 704,72
United . with HSV infection visits to
States3® population e study U.S. EDs in recent years from 8
2006-2013
Neonatal herpes prevention among pregnant women
To determine whether
Baker, 2004 Cost- serologic testing for herpes |, )
USA3S - offectiveness simplex virus type 2 (HSV-.2) in| 5
pregnant women and their
partners is cost-effective
To assess the potential
effectiveness, cost
Barnabas, effectiveness, and benefit of
20027 - Cost- suppressive therapy among
effectiveness . .
USA herpes simplex virus
serodiscordant sex partners
during pregnancy
To present a reanalysis of the
cost effectiveness of maternal
Binkin, 1989 | Pregnant women | Cost- herpes screening and a review | 3,600,0
USA3°® with HSV effectiveness | of the changes that have 00
occurred in the screening
recommendations since 1980
All members and To determine the clinical
Brocklehurst, Fellows of the !:)ractice among obstetricians
1995 Royal College of Survey in the antepartum and 9952
UK19 Obstetricians and intrapartum management of
Gynaecologist women with recurrent genital
resident herpes infection
Brown, 2003 | Pregnant women Cohort study To determine the effects of 58362

USAZ

from university,

viral shedding, maternal HSV
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army and serological status and delivery
community route on risk of transmission
hospitals of HSV from mother to infant
To evaluate health care
provider knowledge, and
Heggarty, Healthcare . .
) collect information on
2020 providers for Survey . 354
" management of genital herpes
France pregnant women . .
during pregnancy and infants
born to mothers with herpes
Obstetrician, To identify the practice
gynaecologist and patterns of physicians
family physicians providing prenatal care in
Kenny, 2013 offermg Alberta .Wlth respect to
. maternity care Survey prevention of neonatal HSV 183
Canada S . N 1 .
practicing in infection, including their
Alberta prescribing of antiviral therapy
to pregnant women in the
third trimester.
To determine the clinical
Women with a benefits and cost-
Little, 2005 history of Cost- effectiveness of prophylactic i
USA#? diagnosed genital | effectiveness | acyclovir in women with a
HSV history of HSV but no
recurrence during pregnancy
Pregnant women To describe the HSV
Lynn, 2017 with genital HSV Antenatal management in pregnancy at 107
Ireland?® from a university | chartreview | ajoint antenatal genital
hospital maternity hospital
Randolph, To compare the cost- .
Antenatal women effectiveness of oral acyclovir
1996 with recurrent Cost- rophylaxis in late pregnanc 10,000
USA% effectiveness | P oP"Y bree ¥ ’

genital HSV

compared to caesarean
delivery for genital herpes
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1

2

3 lesions in the prevention of

: neonatal herpes transmission

6 from mothers with recurrent

7 genital infections

8 To evaluate the potential cost

9 Rouse, 2000 Cost- effectiveness of herpes

10 USA# Antenatal women effectiveness | simplex virus antibody 8,538
n screening

g To determine whether

14 acyclovir suppression provides

15 Scott, 1998 Cost- a grgater cost sa\./lngs over no

16 USA3L - offectiveness medical therapy in the -

17 management of recurrent

18 genital herpes (HSV) in

19 pregnancy

20 To investigate the frequency

21 Stankiewicz . of invasive obstetric

22 . Pregnant women | Retrospectiv

23 Karita, 2017 from a hospital e study procedures and caesarean 449
24 USAZ deliveries for women with

25 known HSV infection

26 To determine the cost-

27 effectiveness of routine

28 Thung, 2005 . Cost- antenatal screening for HSV-1 | 100,00
29 USA% Married women effectiveness | and HSV-2 in women without 0
30 a known history of genital

g; herpes.

33 To assess the effectiveness

34 and cost effectiveness of

35 Tuite, 2010 Pregnant women Cost- identifying pregnant women 100,00
36 Canada?? effectiveness | at risk of de novo HSV 0
37 acquisition to prevent vertical

38 HSV transmission

39

40

41

42
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Neonatal herpes management

Neonates who

To evaluate whether guideline
implementation affected the

Ahmad, 2015 | sought care in Retrospectiv | ED's decision to test for HSV, 308
USAM emergency e study ED use of HSV polymerase
department chain reaction (PCR) and
acyclovir
To quantify the economic
Neonates with burden of neonatal HSV
HSV and received during initial hospitalization
. intravenous while focusing on factors, such
Ambroggio, i . . .
acyclovir and Retrospectiv | as congenital anomalies and
2009 . . . 406
USA? discharge from e study HSV-associated complications,
Paediatric Health which increase hospital
Information charges and length of hospital
System stay among neonates with
HSV
To compare the data from the
French national hospital
isch
Patients aged 28 discharge database’
(Programme de Me
days and above L .
Bernard, from the French Prospective dicalisation des Syste” mes
2013 . . P d’Information; PMSI) and from | 1,947
1 national hospital | study .
France discharee the prospective study
databasge conducted in 2007 and
evaluate the reliability of PMSI
as a tool to assess the trends
of encephalitis in France
Neonates with To examine the temporal
Donda, 2019 | ICD-9 codes for Retrospectiv | trends in the incidence and 42,726,
USA# neonatal HSV in e study outcomes of neonatal HSV 336

the National

in the United States
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1
2
i Inpatient Sample
5 from 2003-2014
| tient d . .
6 or:‘pi?mf;enrlcs ;ec:(; 650 To estimate the incidence of
% davs o ougn or HSV infections for the United
2 fro»:n ch & States during 2006, as well as
Flagg, 2011 Retrospectiv | demographic-specific rates, by | 4,106,4
10 p Healthcare Cost . . .
1 USA e e study using nationally and regionally | 88
and Utilization . .
12 . S, weighted estimates from a
Project Kids .
13 . population-based sample of
Inpatient . .
14 inpatient data
15 Database
16 Records of To examine the incidence,
17 Mahant, neonates from , mortality, and health care use
D Ret t 2,107,1
18 2019 the Medicaid eit:ﬁjspec v related to neonatal herpes 24
19 USA% claims database ¥ HSV infection.
20 from 2009 - 2015
21 Insurance claim To estimate the average
22 . . . .
23 data on inpatient excess inpatient cost of
24 admission from neonatal herpes simplex virus
25 the Truven Health (NHSV) infection from 2005 to
Owusu- . Cost-of- . .
26 . Analytics . 2009 insurance claims data 474,74
Edusei, 2015 illness
27 USA3 MarketScan analvsis 3
28 Commercial ¥
29 Claims and
;? Encounters
32 Database
33
34
35
36
37
38
39
40
41
42
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Table 2: Detailed description of studies reporting cost (unit cost)

Author,
year
Country

Population
and setting

Diagnostic costs
(range)

Treatment costs* in
original year of value
(range)

Hospitalisation costs
(range)

Other healthcare
delivery costs
(range)

Lifetime

management cost

(range)

Genital ulcer

disease among a

dults/adolescents

years

Antiviral therapy
Relapse: $17 ($9-$36)
Monthly suppressive
therapy: $40 ($20-5220)

Almonte- General_ Microbiological lab Acyclovir treatment Consultation, clinical
Vega, 2020 population test (unspecified): (duration not specified): | NR examination and NR
USA®S aged 1549 | 9417 $86.33 diagnostic: $161.85
years old
Adults with
herpes Total drug charges:
Desharnais, | diagnosis NR $1941 Hospital charges: NR NR
199640 identified Antiviral drug charges $5637
from the HCIA (not specified): $1070
database
Initial cost of caring
Cost of treatment for for neonates with
primary syndrome ::‘.?V:. $42'603. l and
Male: $470 ($370- Clinic visit: $120 l;r?tﬂfr;“:ar'zacoa;t’
5560) (390-5150) for?nfants with
Fisman. Individuals Female: $830 ($670- Obstetrical care: moderate
20023 aged 15to39 | NR $1000) NR $310 (S130-5800) neurological

sequalae: $97,000
Lifetime medical and
long-term care cost

for infants with

severe neurological
sequalae: $291,000
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Fisman,
200348

Heterosexual
couples

Western blot: $60
(545-$90)
ELISA: S5 ($3-$35)

Cost of treatment for
primary syndrome
Male: $450 ($360-
5$40)

Female: $800 ($640-
$960)

Acyclovir (per episode):

$16 ($9-535)

Acyclovir (monthly
suppressive): $40 ($20-
$215)

NR

Clinic visit: $120
(590-$145)

Labour: $120 ($90-
$145)

Lifetime cost of care
of neonatal HSV-2:
$110,000 ($85,000-
$860,000)

20 Korenromp,
21 201733

People 15-49
year old living
with HSV-2

NR

Acyclovir 400mg per
tab: $0.04

NR

Treatment service
delivery (not
specified): $10
Procurement cost:
$0.21

NR

24 Owusu-
25 Edusei,
26 2013a%

People aged
15-25 years

Laboratory test
(unspecified): $24.30-
27.05

NR

NR

NR

NR

32 Owusu-
Edusei,
2013b2®

NR

NR

NR

NR

Lifetime medical cost
per case,
median(range):
Men: $761 (381-
1,142)

Women: $621(311 -
932)

Lifetime cost of new
infections acquired
in 2008: $435.9
million
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Labour: $39.8 -62.6

;;Lgclsz,7 Gsnjlr::ion ;a6b508atory test: $1.5- | Drug: $64-131 Hospitalisation: $669 Clinic visit: $36.20-73 | NR
Pop ' Day off work: $144

Vickerman, i NR Acyclovir 200mg tds for NR Counselling cost: NR

2008% 5 days: $0.53- 5.24 $0.28

Vickerman Acyclovir 400mg: $0.07 Staff costs/women

201128 ! HIV+ women NR Yearly ART cost: $1700 NR 3m treatment cycle: | NR

(1359-2000) $15.60
. General

Xia, 20183¢ . NR NR ED: $1,069

population

Neonatal herpes prevention a

mong pregnant mothers

Baker,
200438

Laboratory test with
labor cost for HSV-2:
15.58 — 60.00

Average antiviral daily
cost (assuming 50% on
generic acyclovir 400mg
tds and 50% on
valacylovir gd): $1.70-
7.90

Acyclovir 400mg:
$0.366- 1.955
Valacyclovir 500mg/tab:
$3.95

Valacyclovir 1g/tab:
$6.49

Delivery: $4,779-
22,838

Labour cost: $15.58
-S$60

Counselling cost:
$5.98-$6.67

Lifetime cost of care
of neonatal HSV:
$54,516- $129,576
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Drug cost per couple
per pregnancy: $37

C/S cost (personnel,

Labour cost: $200-
1628

Neonatal care after
C/S: $884

Barnabas, Diagnostic cost: $16- . .
200225 - $100 Acute neonatal herpes supplies, surgery and Counselling cost: Long term care for
treatment $1,500- ward care): $11,084 $12-$19 neonatal herpes:
50,000 $140,766 - $273,712
Hospitalisation for
complication: $300-
698
Binkin Pregnant Hospital care Long term care for
198939’ women with Viral culture: $30 NR assoF::iated with NR neonatal herpes:
HSV $125,000-5250,000
neonatal herpes:
$25,000
Delivery: $2,300-3,600
. quen with Acyclovir (prophylaxis) Delivery: $4,939-9,490 Lifetime cost of care
Little, a history of L of neonatal HSV:
. NR from 36 weeks of Hospitalisation: NR
200542 diagnosed estation: $46 432,483 $349,7533-
genital HSV & ' ’ $1,049,260
Randolph, vAvr;tnir;itsJith Acvelovir 400m Lifetime cost of care
199643 Laboratory: $35 ¥ & Delivery: $3,500 Labour: $74 of neonatal HSV:
recurrent (200caps): $228
. $85,000- 255,000
genital HSV
Rouse Antenatal Hospitalisation for Lifetime cost of care
20004; women Laboratory: $4 — 13 NR neonatal care: Labour: $3.50-10.50 | of neonatal HSV:
$11,126 $48,519- 163,879
Hospitalisation for
Scott Acyclovir 400mg tds for | neonatal care: $480-
1998;1 - HSV culture: $80 4 weeks: 5180 1470 NR NR

Delivery: $5,321 —
9,039
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Thung,
20054

Married
women

HSV screening: $37.5-
$75

Acyclovir 400mg tds for
4 weeks: $§71

Delivery: $4,281 -
9,283

Counselling cost:
$13

Lifetime cost of care
of neonatal HSV:
$13,202 — 325,602

Tuite,
201032

Pregnant
women

ELISA test: $7-S14

NR

Delivery: $5680- 8780

NR

Lifetime cost and
consequence of
neonatal HSV:
$164,870

Neonatal herpes management

Ambroggio,
2009%

Neonates
with HSV and
received
intravenous
acyclovir and
discharge
from
Paediatric
Health
Information
System

NR

Median pharmaceutical
(not specified): $4,231
Median Imaging: $2,010

Median hospital
charge: $37,431

NR

NR

Donda,
20194

Patients aged
28 days and
above from
the French
national
hospital
discharge
database

NR

NR

Hospitalisation:
$27,843

NR

NR

Flagg,
20114

Neonates
with ICD-9
codes for
neonatal HSV

NR

NR

Hospitalisation:
$92,664

NR

NR
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in the
National
Inpatient
Sample from
2003-2014

12 Mahant,
2019

Records of
neonates
from the
Medicaid
claims
database
from 2009 -
2015

NR

NR

Hospitalisation:
$32,683

$31,531
ED visit: $527

Hospital readmission:

NR

NR

20 *All costs are mean costs except where explicitly labelled as median costs.

22 C/S — Caesarean section; ED - Emergency department; NR — Not reported
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Table 3: Detailed description of studies reporting resource utilzation

Author, year Healthcare seeking and diagnosis Treatment phase
Genital ulcer disease among adults/adolescents
e 74.1-93.2% sought care once within
Aslam, 12 months
2012 e 6.8-25.9% sought care twice to 8x a
year
. Oral treatment only: 16.1%
Desharnais,
199640 IV treatment: 16.2%
Hospital stay: 5.4 days
Fisman, 33.3% used antiviral drugs for HSV
2005% 15.8% had pregnancy complicated by HSV
Gilbert, e 1.32% of young adults ever tested
2010%% for genital herpes
Patrick e 49% had viral culture performed 65% received oral antiviral therapy
2801i7' ¢ 9% had antibody test 18% received topical antiviral therapy
e 34% had physical examination 17% obtained alternative therapy
o Estimated annual genital herpes
visit 499,655 yearly
18 e 2% were inpatient visit
Tao, 2000 e 9% outpatient & ED visit
e 20% public STD clinic
e 69% private office based visit
From 2006-2013
e 245,484 ED visits with primary
diagnosis of genital herpes or
37.3% of total ED visits for HSV
e Total charges: $278,335,295
Xia, 20183¢
ED visits trend from 2006 — 2013
o 24,747 (33.8%); 26,440 (34.1%);
27,484 (36.1%), 28,440 (36.5%);
33,258 (37.8%); 33,095 (38.3%);
35,501 (40.0%); 36,518 (40.3%)
Neonatal herpes prevention among pregnant mothers
Estimates used in model
Estimates used in model
Baker, 1.32% women HSV-2 negative acquiring
20043 e 75% of partners will be willing to HSV during last 8 weeks of pregnancy
undergo HSV screening 57% women or partner offered and accept
antiviral therapy with testing
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1

2

3 e 82% women taking antivirals from week 36

: compliant

6

7 Estimates used in model

) Binkin,

9 1989% e Average number of cultures per

10 patient: 8

11

g e 60% of obstetricians advocated

14 some form of antenatal screening

15 . .

16 Brocklehurst, | Among those performing screening e 92% of providers: visible active lesions at

17 199510 e 64% perform regular viral cultures labor are cause for caesarean delivery

18 o 54% recommend screening <34

19 weeks of gestation

20

21

22

23

24 e All women with HSV genital lesions noted at

25 Brown, delivery he_1d caesarean deli\(ery (n=60)

26 20032 unless lesions not noted until too late to

27 proceed with caesarean or lesions noted

28 after delivery (n=14)

29

30 . . ) e If primary HSV GUD during pregnancy,

31 A sm:spjgtgg prlmladry gegltatl ECSJ\IIQ ; 68.4% “always” and 11.6% “often” prescribe

32 Ies-ionosvp\;?ﬁs Hcso\r/] sltjaiology Y, antiviral prophylaxis in 3™ trimester

33 e Ifrecurrent HSV GUD during pregnancy,
Heggarty, . 9 .

34 205524 y I?:a%isc))r?sv;?;rlg conduct PCR'o 55.1% “always” and 12.9% “often” prescribe

35 . 0.4% would conduct HSV antiviral prophylaxis in 3 trimester

36 séroTo onl e 83% recommend caesarean delivery if

37 9y only genital HSV lesions suspected during labour

38

39 e Antiviral suppressive therapy prescribed in

40 third trimester by 90% of doctors (97% of

41 obstetricians and 84% family physicians)

fé »  62% prescribed for any past history of

- . GUD including pre-pregnancy

44 e 30% physicians will perform type- . o ;

45 specific serology “most of the time” 2?;’ noanr:y after outbreak during

46 Kenny, for patients with no history of = K/Io?e corcnymonly prescribed acyclovir

47 20132 herpes but partner with known HSV (63%) than valacyclovir (38%)

48 o 65% offer elective caesarean if primary HSV

49 in third trimester

50 e  95% of obstetricians and 84% of family

51 physicians recommend caesarean delivery if

52 HSV lesions during labour

53

54 Estimates used in model

55

56 Little, 2005% e 24% of women will undergo caesarean

;73 delivery if no lesion was present

59

60
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Lynn, 2017%°

o 89% of patients had type-specific
serology sent

63% received antiviral prophylaxis

= 08.5% received valacyclovir

= 1.5% received acyclovir

= Mean for initiating: week 36

29% of patients underwent caesarean
delivery, none for HSV

Estimates used in model

Rouse,
2000% e 75% of partners will be willing to
undergo HSV screening
e Antiviral suppressive therapy:

= 55% HSV-2 antibody-positive only
Stankiewicz =  65% history of symptomatic GUD
Karit e Similar caesarean section rates for women
281'72; with/without history of HSV/genital herpes:

= 25% without history of HSV-2/GH
= 30% on suppressive treatment
28% without suppressive treatment

Neonatal herpes management

e CSF PCR performed in 92.3%

9.4 — 9.8% require ICU stay

Ahmad, e Blood PCR performed in 48.7% e Hospital stay: 83.1-84.6hr
2015 o . .
e 71.8% received acyclovir
Ambroggio, ]
e Median length of stay: 13 days (IQR 4-21)
200937
Bernard, . N
2013122 e Mean hospital admission: 28 -34 days
Donda, ] _
201941 e Median length of stay: 20

Flagg, 2011%

Mean length of stay: 22 days
Median length of stay: 2- days

Median hospital stay: 18 days

Mahant, e Post discharge,
2019 o 45.7% required ED visit

o 16.2% required rehospitalisation
Owusu- e Mean hospital stay: 10.8 (11.5)
Edusei, e Mean hospital stay among those with
2015 admission >7 days: 18.5 (12.5)
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9 Figure 1. Flow diagram of study selection process
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Search methodology

1. Search strategy

oNOYTULT D WN =

9 e The current search strategy was developed based upon keywords which have been used in
previous existing HSV reviews commissioned by WHO. All search keywords used were
12 subsequently cross-checked with the following articles to ensure comprehensiveness

14 o Looker, 2017. Effect of HSV-2 infection on subsequent HIV acquisition: an updated
systematic review and meta-analysis

17 o Khard, 2019. The Epidemiology of Herpes Simplex Virus Type 1 in Asia: Systematic
18 Review, Meta-analyses, and Meta-regressions

o Looker,2012. Global estimates of prevalent and incident herpes simplex virus type 2
2 infections in 2012. PLoS One 2015;10(1) : e114989-e89. Doi: 10.1371/journal.pone.
22 0114989

23 e The following databases were identified for the search including: PubMed, PsychINFO,
EMBASE, Centre for Review and Dissemination, EconlLit, CEA registry and WHO Library
26 Database (WHOLIS)

2. Keywords search was revised to compare between a) search including exploding terms and b)
30 search including title and abstract. A total of 10,113 articles was found for search when terms
31 were exploded versus 5,966 when these terms were not exploded. As such, the methods will
only use search including exploding terms to minimize the risk of missing relevant study despite
34 its low specificity. The initial search was performed in April 2019, with an updated search in
35 October 2019.

39 3. Neonate search

42 e We also conducted search over again using all relevant HSV terms with neonate as keyword.
43 All articles identified in the search overlapped with existing broader search, thereby there is
no need to add neonate as key words
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Text 1: Keyword terms used in the search

No. Keyword

#1 Genital ulcer disease.mp.

#2 Herpes labialis.mp.

#3 Herpes genitalis.mp.

#4 Genital herpes.mp.

#5 Herpesvirus.mp.

#6 Herpes virus.mp.

#7 HSV.mp.

#8 Herpes simplex.mp.

#9 lor2or3ord4or5or6or7or8

#10 Healthcare util*ation.mp.

#11 Util*ation.mp.

#12 Physician visit.mp.

#13 General practitioner visit.mp.

#14 Hospital visit.mp.

#15 Clinic visit.mp.

#16 Hospital stay.mp.

#17 Hospitali*ation.mp.

#18 Hospital readmission.mp.

#19 Cost.mp.

#20 Cost-effectiveness.mp.

#21 Cost-utility.mp.

#22 Cost-benefit.mp.

#23 Cost-minimi*ation.mp.

#24 Counselling.mp.

#25 Seek care.mp.

#26 Behavio*r.mp.
10or1lorl12or13orl1l4or150rl16or17or 18 or 19 or 20 or 21 or 22 or
23 or24 or25o0r 26

#27

#28 9 and 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 44 of 56



Page 45 of 56 BMJ Open

Text 2: Keywords used in focused search using exploding terms.

oNOYTULT D WN =

No. Keyword

9 #1 Genital ulcer disease.mp.

#2 Herpes labialis.mp.

#3 Herpes genitalis.mp.

13 #4 Genital herpes.mp.

14 #5 Herpesvirus.mp.

15 #6 Herpes virus.mp.

16 #7 HSV.mp.

17 #8 Herpes simplex.mp.

#9 lor2or3ord4or5or6or7or8

20 #10 pregnancy.mp.

21 #11 pregnant.mp.

22 #12 c*esarean.mp.

23 #13 delivery.mp.

24 #14 10 or 11

#15 12 or 13

57 #16 9 AND 14 AND 15
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Table 1: Detailed cost incurred in genito-ulcer diseases due to HSV

Page 46 of 56

Unit cost ($) in

Unit cost in 2018

2020

Author,year Outcomes .
original year %)
Medication costs
Vickerman,
2008 One dose of IV benzathine penicillin 2.4MU 0.15-0.48 0.19-0.59
Vickerman,
One tab of 500mg ciprofloxacin 0.10- 0.21 0.12- 0.26
2008
Vickerman,
One cap of 200mg acyclovir 0.53-5.24 0.66 — 6.48
2008
Fisman, 2003 Acyclovir therapy for relapse patients 16.00 22.72
Fisman, 2003 Acyclovir cost for suppressive monthly therapy 40.00 56.80
Almonte-Vega,
Acyclovir therapy 86.33 86.33
2020
Fisman, 2003 Condom cost 0.10 0.14
Szucs, 2001 Pharmacological treatment 1st episode (NS) 64.00 94.86
Pharmacological treatment recurrent episode
Szucs, 2001 131.00 194.18
(NS)
Vickerman,
Needle and syringe cost 0.15 0.19
2008
Tao, 2000 Pharmacy claim 52.00 73.84
Laboratory test
Szucs, 2001 Antibiotic testing based on expert opinion 76.50 113.39
Szucs, 2001 Antibiotic testing in first episode based on claims 12.80 18.97
Antibiotic testing in subsequent episode based on
Szucs, 2001 ) 6.50 9.63
claims
Szucs, 2001 Complete blood count based on expert opinion 21.29 31.56
Complete blood count in first episode based on
Szucs, 2001 ) 4.60 6.82
claims
Complete blood count in subsequent episode
Szucs, 2001 1.50 2.22
based on claims
Szucs, 2001 Microbiological test for first GUD episode 17.60 26.09
Szucs, 2001 Microbiological test for subsequent GUD episode 6.70 9.93
Szucs, 2001 Microbiological test based on expert opinion 38.39 56.90
Almonte-Vega,
Microbiological lab test 80.17 80.17
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Fisman, 2003 Western blot 60.00 85.20

Szucs, 2001 Urine analysis based on expert opinion 12.59 18.66

Szucs, 2001 Urine analysis in first episode based on claims 4.60 6.82
Urine analysis in subsequent episode based on

Szucs, 2001 ) 3.20 4.74
claims

Hospitalisation cost
Excess obstetrical cost associated with history of

Fisman, 2003 300.00 425.98
symptomatic HSV2 infection

i Excess obstetrical cost due to symptomatic

Fisman, 2003 310.00 440.18
HSV2 infection

Tao, 2000 Inpatient cost 2,530.00 3592.46

Szucs, 2001 Hospital day 669.00 991.63

Clinic visit

Fisman, 2003 Clinic visit related to GUD (for physician time, 120.00 170.39
test, lost wages due to 2hr patient time)

Szucs, 2001 Clinical examination based on expert opinion 40.33 59.78
Clinical examination first episode based on

Szucs, 2001 ) 39.80 58.99
claims
Clinical examination on subsequent episode

Szucs, 2001 36.20 53.66
based on claims

Szucs, 2001 Physician consultation based on expert opinion 73.00 108.21
Physician consultation in first episode based on

Szucs, 2001 62.60 92.79
claims
Physician consultation in subsequent episode

Szucs, 2001 59.60 88.34
based on claims

Tao, 2000 Outpatient and ED 59.00 83.78

Fisman, 2003 Outpatient visit 120.00 170.39

Tao, 2000 Office based physician and public clinic 67.00 95.14

Almonte-Vega,

2020 Consultation, clinical examination and diagnostic 161.85 161.85

Vickerman,
Counselling cost 0.28 0.35

2008

Other costs
Others miscellaneous cost related to first GUD

Szucs, 2001 33.00 48.91

episode(not reported)
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Szucs, 2001 Others miscellaneous cost related to recurrent 12,30 18.23
GUD episode(not reported)
Szucs, 2001 Production losses 60.00 88.94
Szucs, 2001 Total cost of active GUD 355.00 526.20
Szucs, 2001 Total cost of incident GUD 235.00 348.33
Szucs, 2001 Total cost of prevalent GUD 166.00 246.06
Szucs, 2001 Total cost of recurrent GUD 499.00 739.65
Treatment cost for men assuming 2 clinic visit, 7
Fisman, 2003 day course of acyclovir (400mg tds) and 2 days 450.00 638.97
off work
Treatment cost for women assuming 2 clinic visit,
Fisman, 2003 7 day course of acyclovir (400mg tds) and 2 days 800.00 1135.95
off work
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Table 2: Detailed cost associated with genitoulcer disease prevention in people living with HIV

Unit cost ($) in | Unit cost in
Author, year Outcomes

original year 2018 (%)
Vickerman, 2011 | Acyclovir 400mg 0.07 0.07
Vickerman, 2011 | Staff cost- for default tracer over 3 months 24.00 22.32
Vickerman, 2011 | Staff cost for training for STI diagnosis and default 0.46 0.43

tracer

Vickerman, 2011 | Labour cost for senior nurse 2.52 2.34
Vickerman, 2011 | Counselling cost (10 mins) 0.88 0.82
Vickerman, 2011 | CD-4 count test 7.90 7.35
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Table 3: Detailed cost associated with neonatal herpes prevention/management

Page 50 of 56

Unit cost Unit cost in
Author,year Outcomes
(USDS$) 2017 (%)
Medication costs
Randolph, 1996 One cap of acyclovir 400mg 1.14 1.72
Baker, 2004 Pharmaceutical cost for pregnant women 6.18 8.10
Baker, 2004 Pharmaceutical cost for partner 3.93 515
Baker, 2004 Valacyclovir 500mg 3.95 518
Baker, 2004 Valacyclovir 1000mg 6.49 8.51
Baker, 2004 Acyclovir 400mg 1.96
2.57
Barnabas, 2002 Acyclovir treatment for a couple for one pregnancy 37.00 51.37
Scott, 1998 Acyclovir 400mg 1.71 2.58
Laboratory test
Randolph, 1996 Screening using herpes culture 35.00 52.83
Thung, 2005 HSV1 or 2 screening cost 37.50
49.15
Thung, 2005 HSV 1 and 2 screening 75.00
98.31
Rouse, 2000 HSV-2 antibody assay 4.00 5.68
Rouse, 2000 HSV-2 labour and reagent cost, QC etc 9.00 12.78
Tuite, 2010 ELISA screening for HSV 7.00 7.96
Scott, 1998 HSV culture 80.00 120.75
Baker, 2004 Labor and supplies for HSV-2 specific test 15.58 20.42
Baker, 2004 HSV test for partner 40.53 53.12
Barnabas, 2002 Diagnostic kit cost 70.00 97.18
Binkin, 1989 Viral culture 30.00 52.97
Hospitalisation cost
Vaginal delivery with metritis, includes labour, delivery,
Scott, 1998 8439.00 12,737.15

postpartum and professional
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1
2
3 Vaginal delivery without metritis, includes labour,
4 Scott, 1998 ) _ 5,321.00
5 delivery, postpartum and professional 8,031.09
6
7 Ambroggio, 2009 | Hospital charges 62,050.90 70,544.69
8
9 Tuite, 2010 Vaginal delivery 5,680.00
10 6,457.50
n Little, 2005 Vaginal delivery 4,939.00 6,104.17
12
13 Randolph, 1996 Caesarean delivery over vaginal 3,500.00 5,282.62
14
15 Tuite, 2010 Caesarean section 8,780.00
16 9,981.84
17
18 Tao, 1999 Caesarean attributable to genital herpes 1,922.00 2729.13
;g Little, 2005 Caesarean delivery 9,490.00 11,728.80
21 Little, 2005 Caesarean delivery with lesion 7,608.00 9,402.82
;g Caesarean delivery with metritis, includes labour,

Scott, 1998 ) ) 9,039.00 13,642.74
24 delivery, postpartum and professional
2 Caesarean delivery without metritis, includes labour,
26 Scott, 1998 _ _ 10,553.00 15,927.85
27 delivery, postpartum and professional
28
29 Thung, 2005 Elective caesarean 7,425.00
30 9,732.37
51| Thung, 2005 Labour caesarean 9,283.00 12,167.75
33 Little, 2005 Hospital care due to neonatal herpes infection 32,483.00 40,146.12
34
35 Rouse, 2000 Hospital care due to neonatal herpes infection 11,126.00 15,798.28
36
37 Baker, 2004 Caesarean delivery 5,021.00
38 6,581.31
39
40 Binkin, 1989 Hospital stay due to complication 698.00
41 1,232.38
42
43 Binkin, 1989 Hospital care due to neonatal herpes infection 25,000.00
44 44,139.53
22 Barnabas, 2002 Caesarean delivery with lesion 11,084.00 15,388.48
47 S
48 Clinic visit
o | Scott, 1998 Clinic visit 39.50 59.62
51 Thung, 2005 Counselling cost 13.00 17.04
52
53 Rouse, 2000 Counselling cost (10 mins) 3.50 4.97
54
55 Rouse, 2000 Counselling cost for couple (30 mins) 10.50 14.91
g? Randolph, 1996 Follow-up call and office visit following screening 74.00 111.69
58 Barnabas, 2002 Pharmacy dispensing and education cost 3.00 417
59
60 Barnabas, 2002 Obstetrician counselling and testing salary for screening 19.00 26.38
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Barnabas, 2002 Obstetrician counselling and testing salary for treatment 12.00 16.66
Long-term care cost
Scott, 1998 Infant treated for HSV (include drug and culture) 1,470.00 2,218.70
Scott, 1998 Neonatal care if using caesarean delivery 821.00
1,239.15
Scott, 1998 Neonatal care if using vaginal delivery 480.00
724.47
Randolph, 1996 Neonatal herpes acute hospital care 10,160.00 15,334.69
Thung, 2005 Acute and long term care for normal/mild deficit 13,202.00 17,304.61
Randolph, 1996 Long term medical cost for moderate disability (Y1-Y65) 85,000.00 128,292.20
Thung, 2005 Acute and long term care for moderate deficit 134,202.00 175,906.12
Little, 2005 Lifetime cost and care for moderately disabled child 349,753.00 432,263.77
Lifetime cost and care for moderately disabled child
Rouse, 2000 48,519.00 68,894.21
1999
Lifetime medical and institutionalised cost for neonatal
Baker, 2004 92,350.00 121,048.35
herpes
Binkin, 1989 Lifetime cost and care for moderately disabled child 125,000.00 220,697.66
Lifetime cost of neonatal HSV with moderate
Fisman, 2003 97,000.00 13,7734.46
neurological sequel
Randolph, 1996 Long term medical cost for severe disability (Y1-Y65) 255,000.00 384,876.59
Thung, 2005 Acute and long term care for severe deficit 325,602.00 426,784.88
Little, 2005 Lifetime cost and care for severely disabled child 1,049,260.00 1,296,792.56
Rouse, 2000 Lifetime cost and care for severely disabled child 163,879.00 232,698.82
Binkin, 1989 Lifetime cost and care for severely disabled child 250,000.00
441,395.33
Lifetime cost of neonatal HSV with severe neurological
Fisman, 2003 291,000.00 413,203.38
sequel
Tuite, 2010 Lifetime cost of neonatal HSV 164,870.00 187,438.10
Fisman, 2003 Lifetime cost of neonatal HSV 110,000.0 156,193.72
Baker, 2004 Counselling cost nurse (15 mins) 5.98 7.84
Baker, 2004 Counselling cost physician (5 mins) 6.67 8.74
Baker, 2004 Labour cost and supplies 15.58 20.42
Baker, 2004 Total cost without screening program 1,181.35 1,548.46
Baker, 2004 Total cost with screening for women 1,211.95 1,5688.57
Baker, 2004 Total cost with screening for women and partner 1,267.24 1,661.04
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1

2

2 Barnabas, 2002 Maternal mortality cost 443,858.00 616,230.57
Z Thung, 2005 Mortality cost 13,202.00 17,304.61
7 Barnabas, 2002 Neonatal care after caesarean 885.00 1228.69
S Barnabas, 2002 Medical services for care of neonatal herpes 273,712.00 380,008.25
1(1) Barnabas, 2002 Long term care for neonatal herpes 140,766.00 195,432.58
12 Barnabas, 2002 Caregiver cost for neonates due to neonatal herpes 149,943.00 208,173.47
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Figure 1: Methodological quality of included economic studies using CHEC Checklist
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Figure 2: Methodological quality of included costing studies using Larg and Moss Checklist
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ABSTRACT

Objectives: Little is known about the economic burden of HSV across countries. This article aims to
summarize existing evidence on estimates of costs and healthcare resource utilization associated

with genital and neonatal HSV infection.
Design: Systematic literature review

Data sources: Seven databases were searched from inception to August 315t 2020. A focused search

was performed to supplement the results.

Eligibility criteria: Studies which reported either healthcare resource utilization or costs associated
with HSV-related healthcare, including screening, diagnosis and treatment of genital HSV infection

and neonatal herpes prevention and treatment

Data extraction and synthesis: Two independent reviewers extracted data and assessed the risk of

bias using the Larg and Moss’s checklist. All data were summarized narratively

Results: Out of 11,443 articles, 38 were included. Most studies (35/38, 94.6%) were conducted in
high income countries, primarily the United States, and were more often related to the prevention
or management of neonatal herpes (n=21) than HSV genital ulcer disease (n=17). Most analyses
were conducted before 2010. There was substantial heterogeneity in the reporting of HSV-related
healthcare resource utilization, with 74% to 93% individuals who sought care for HSV, 11.6% to
68.4% individuals who received care, while neonates with herpes required a median of 6 to 34
hospitalisation days. The costs reported were similarly heterogeneous, with wide variation in
methodology, assumptions, and outcome measures between studies. Cost for screening ranged
from S7 to $100, treatment ranged from $0.53 to $35 for an episodic therapy, $240 to $2580 yearly

for suppressive therapy, while hospitalisation for neonatal care ranged from $5,321-$32,683.

Conclusions: A paucity of evidence exists on healthcare resource utilization and costs associated
with HSV infection, especially among low- and middle-income countries. Future research is needed
on costs and healthcare utilization patterns to improve overall understanding of the global economic

burden of HSV.

(298/300 words)

Keywords: herpes simplex virus; healthcare resource utilization; neonatal herpes; pregnancy; genital
ulcer
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Strengths and limitations of this study

e This is the first systematic review to assess the healthcare resource utilisation and costs
associated with herpes simplex virus (HSV) infections.

e Comprehensive literature searches were conducted, which were supplemented by a focused
search.

o Heterogeneity of study designs and outcome measures limited the meta-analysis of study
results.

e Relatively few studies described the healthcare resource utilization patterns and cost of HSV,

especially from low-middle income countries.
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INTRODUCTION

Herpes simplex virus (HSV)-1 and HSV-2 are DNA viruses that belong to Alphaherpesviridae, a
subfamily of the Herpesviridae family.! Both viruses can cause genital infection, which can have a
profound impact on sexual and reproductive health. HSV-2 is almost entirely transmitted during
sexual activity and is the most common cause of genital herpes, affecting more than one in every 8
individuals, or 491.5 million people, aged 15-49 years in 2016.2 HSV-1 is the main cause of oral
herpes but can also be transmitted to the genital area through oral sex. HSV-1 affects an estimated
3.7 billion people under age 50 globally, of which over 120 million may have genital infection.? While
the prevalence of HSV infection is high globally, it varies widely by region. The highest prevalence of
both HSV-1 (88% in females and males) and HSV-2 (44% in females; 25% in males) is in the African

region, which is primarily comprised of low- and middle-income countries (LMIC).1?

Genital HSV infection is lifelong and characterised by periodic reactivation. Many infections are
asymptomatic or unrecognized, but up to a third of people may develop painful, recurrent genital
sores known collectively as genital ulcer disease (GUD).? Antiviral medications can be taken
episodically to shorten GUD outbreaks or taken daily (suppressive therapy) to reduce the number of
outbreaks, but they are not curative. Pregnant women with genital HSV infection can also transmit
the virus to their infants in the peripartum period, resulting in neonatal herpes.* Although this
occurs only rarely, neonatal herpes has a high fatality and disability rate among surviving infants. As
such, particularly in high-income countries (HIC), prevention measures such as caesarean section are
often undertaken if a mother has active HSV lesions at delivery. Genital HSV-2 infection has also
been linked to an increased risk of acquisition and transmission of human immunodeficiency virus

(HIV) infection.>

The World Health Organization (WHO) has highlighted the need for a vaccine against HSV-2, due to
large numbers of infections globally and the resulting disease consequences including GUD, neonatal
herpes, and increased risk of HIV acquisition.5® Multiple vaccine candidates have been studied to
date with modelling studies showing that prevention of HSV-2 infection with a vaccine could
potentially also reduce the incidence of HIV infection.® Vaccines targeting HSV-2 might also have

benefits against HSV-1.1° Understanding the potential value of HSV vaccines requires not only
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predicting the impact of the vaccines on HSV-related disease burden, but also on its economic
burden. However, little is known about the economic burden of HSV globally. As a first step in
estimating HSV-related economic burden, we conducted a broad systematic review with the aim of
summarizing all available evidence on costs and resource utilization associated with diagnosing,

treating, and managing genital and neonatal HSV infection.
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METHODS

The current study followed the guidelines of the Cochrane Handbook for Systematic Reviews of
Intervention.! The review was reported in accordance with the Preferred Reporting Items for

Systematic Review and Meta-Analyses.'?

Data Sources and Search Strategy

We electronically searched for relevant articles published from database inception to August 31
2020 in 7 databases: PubMed, PsychINFO, EMBASE, Centre for Review and Dissemination, EconlLit,
CEA registry and WHO Library Database (WHOLIS). The search strategy was based on a broad
combined search string “Herpes Simplex Virus” AND “cost” OR “resource utilization” OR “econ*”,
with no language restriction. A complete search strategy is detailed in Appendix Text 1. In addition,
bibliographies of relevant articles were examined to identify potential studies not indexed in the
aforementioned databases. A focused supplemental search on Google Scholar was performed using

the keywords listed in Appendix Text 2 based upon the inclusion above.

Study Selection

Studies were included if they were original articles that investigated resource utilization patterns and
costs related to HSV infection including the cost of any diagnostic tools, consultation time, treatment
and hospital cost related to detecting and managing all types of HSV-1 or HSV-2 related neonatal and
genital infections and associated disease outcomes. We included articles which were published in

English languages.

Data Extraction and Quality Assessment

The study followed a 2-stage process, where two independent reviewers screened the titles and
abstracts for relevant studies, before the full texts were screened by another two independent
reviewers for eligibility. Relevant information from the identified studies was extracted
independently by two reviewers using a standardized data extraction sheet. At all stages, any

disagreement was resolved by discussion between reviewers through consensus. Information
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collected from the data extraction sheet included: 1) general study information including country of
the study, 2) HSV subtype and disease, 3) study design, 4) healthcare resource utilization, 5) costs of
relevant tests, clinical care, hospitalisation, and medications, and 6) summary estimates of HSV-
related economic burden. Methodological quality of all included economic studies was assessed
using the Consensus Health Economic Criteria (CHEC) list. This checklist has been recommended for
critically appraising published economic evaluations. The checklist has 19 domains and includes
reporting standards for economic model characteristics (population, time horizon, perspective and
discount rate), identification and valuation of costs and outcomes, discussion points, conclusions as
well as funding and conflicts of interest. All cost of illness studies were evaluated for risk of bias
using the Larg and Moss’s checklist. No quality appraisal was performed on studies reporting

healthcare resource utilization.

Data Analysis

A component-based analysis was used to describe and synthesise the overall findings from all
included studies. Specifically, tabulation methods were used to report on study characteristics,
outcomes and costs. Tables for resource utilization and disaggregated costs were presented and
summarized. All costs were presented according to the recommendations of Turner et al., 20193,
For studies that did not provide the year of cost data, the year of publication was used. Adjustment
for inflation was done using the Gross Domestic Product deflator (GDP deflator) of the studied
country. Cost estimates were then converted and reported in 2017 United States Dollars (USD). GDP

deflator and exchange rates were obtained from the World Bank.*

Patient and public involvement

Patients were not involved in this systematic review. Their input was not sought in the design,

interpretation or writing of the document.
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RESULTS

Study Selection

Our search yielded a total of 11,443 articles of which 8,779 articles were excluded as they were not
relevant for this review based on title screening. The remaining 2,664 articles were further screened
by title and abstract and 299 articles were assessed for inclusion. We excluded 261 articles (n= 98 for
not related to HSV, n =44 review articles/case report, n =116 not reporting resource utilization or cost,
n =3 available only in abstract), leaving a total of 38 studies included in this review, as shown in Figure

1.

Overview of Study Characteristics

Of the 38 included articles, 14 studies>?8 described resource utilization only, 12 studies?**° reported
on costs, and 12 studies*™? reported both resource utilization and costs of HSV
diagnosis/management. These studies, published from 1989 to 2020, reported resource utilization or
costs related to the diagnosis and management of HSV-related GUD among adults/adolescents®-22 28
30-3437-404452 (n=17), neonatal herpes prevention in pregnant mothers (n=13)23-2527293536424346-49 gn(d
neonatal herpes management!>17 26 41 455051 (n=8). The majority of studies were conducted in HIC
(35/38, 94.6%) including the United States!®17202225272930343538-52 (n= 26), Canadal8192636 (n=4), United
Kingdom? 33 (n=2), France!® 2 (n=2) and Ireland®* (n=1)), while only one study (1/38, 2.6%) was
conducted in a middle-income country, in particular South Africa3?. A global survey focusing on the
experiences of patients receiving care for genital herpes in 78 countries included some data on
healthcare utilization.?! In addition, a modelling study estimated the costs of implementing the Global
Health Sector Strategy on Sexually Transmitted Infections (STls), 2016-2021, in 117 LMICs, including
costs related to syndromic management of GUD, the vast majority of which is caused by HSV-2.37 The

quality of included studies are summarised in Appendix Figure 1 and Figure 2.

Methodological Heterogeneity

There was substantial heterogeneity in the reporting of the included studies. Most studies were cost
or resource utilization studies (n=23), while the remaining were cost-effectiveness studies (n=15).
Among cost or resource utilization studies, data were collected retrospectively (n=13), prospectively

(n=7), or not reported (n=7). The number of participants in each study varied, which could be as few
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as 39 participants to as large as 42 million in studies that analysed claims datasets. Twenty-one studies
(21/38, 55.3%) included participants who had either HSV-1 or 2, ten studies (10/37, 27.0%) specifically
included participants with HSV-2, while the remaining eight studies (8/38, 21.1%) did not specify which
type of HSV they examined. A summary of the characteristics of these studies is presented in Appendix
Table 1, and study findings are presented in Appendix Tables 2 and Appendix Table 3 (See appendix

for detailed unit cost tables and accompanying references).

Cost and healthcare resource utilization pattern of genital herpes infection

Among all 17 studies!®-222830-3437-404452 inyestigating cost and healthcare resource utilization pattern
of genital herpes, 11 studies reported some cost components of care for genital herpes infection30-34
37-404452 (Appendix Tables 1, 2 and 4). All but one of these studies were conducted in HIC and only
one LMIC study (from South Africa) was found. The cost components of the included studies were
variably reported. Three studies3!34>2 reported laboratory testing costs associated with diagnosing
HSV. Eight studies3031 333437404452 described costs associated with syndromic management of GUD. In
four studies32333752 the authors describe the drug charges associated with treatment or prevention
of HSV using oral acyclovir (doses of 200mg-400mg). The cost reported varied considerably, ranging
between USD$0.53 to USD$16 for a 5 to 7 day treatment course for episodic GUD and USD$40 for a
month of suppressive therapy with acyclovir. Two studies3! % provided the total drug charges
associated with overall management of GUD, but no details related to the treatment regimen,
duration or HSV of HSV being treated (Appendix Table 2). Seven studies31-3337474852 described labour
and service delivery costs such as cost of physician visits, drug procurement cost, counselling cost
and clinical examination associated with HSV. Similarly, there was variation in terms of reported
labour and service delivery cost, which could be as low as USD$0.28 for 10-minute counselling33 to
as high as USD$120 for consultation and lost wages of patient time>2. Indirect costs were considered
only by Szucs et al, who estimated HSV-related productivity losses, which was estimated at USD$60

a visit31,

Considering the cost components together, Owusu-Edusei et al estimated that the lifetime direct
medical cost per case of genital HSV infection in the U.S. (considering only GUD-related costs and
adjusted to 2017 USD) was USDS$855 among men (range: USD$428- USDS$1,284) and USDS698
among women (range: USD$350- USD$1,047)30. This translated to a total cost of USD$607.3 million
(range: USDS303.59 million — USDS 910.89 million in 2017 USD) for lifetime management of new or
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newly diagnosed cases of HSV-2 in the United States occurring in 2008. Scuzs et al meanwhile
estimated that the annual direct and indirect medical costs in the United States would amount to
USDS983 million, based upon an estimated 3.1 million symptomatic genital HSV episodes (both new

and recurrent) a year3..

The only middle income country study, from South Africa3?, reported the diagnostic/ operational
costs associated with medication, staff and laboratory costs for daily HSV-2 suppressive therapy
among people living with HIV32. The median cost for HSV-2 suppressive therapy per life-year gained
ranged between USD $685 to USD $951 (adjusted to 2017 dollar) among HIV-1 infected anti-
retroviral naive women. The authors estimated that this could be a cost-effective method for
delaying HIV disease progression, especially when the price of acyclovir was lower than the price of
USD $0.026/day for a twice daily 400mg dose. However, this study was conducted when ART use
was recommended only when CD4 count fell below a threshold of <200 cells/uL or <350 cell/uL
(Appendix Table 5). On a more global level, in Korenromp et al’s cost estimates for implementing the
Global STI Strategy in 117 LMIC over 2016 to 2021, the authors reported that it would cost
approximately USD$109 million to diagnose and treat HSV-related GUD episodes seen in clinical
care, not including service delivery costs.3” These costs were estimated despite assuming that only
about 4% of all HSV-2 infected people would seek care for GUD (15% recognizing symptoms and 28%

of those seeking care).

A total of 8 studies described healthcare resource utilization patterns for genital herpes infection8-2?
314044 and all were from high income countries (Appendix Tables 1 and 3). Five of these studies!® -
2240 reported the population rate of seeking medical care for HSV, based upon retrospective analyses
of databases of patients from health surveys?®-?2, In the study by Xia and colleagues, the authors
found that the total genital herpes associated ED use increased from 24,747 visits in 2006 to 36,518
in 201340, It is important to note that none of the studies reported the proportion of those seeking
medical care among HSV-infected individuals. Most of these consultations were relatively short in
nature, and were less than 15 minutes (79%)?!. Two studies described the diagnostic methods used
to determine HSV among their population. In the first study conducted in 2004, Patrick et al.
surveyed physicians in 78 countries and reported that the most commonly used test was viral
culture, which was performed in 49% of the individuals?! (Appendix Table 3). A recent study in

France by Heggarty et al. in 2020 found that 43.3% of respondents in their survey stated that they

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 12 of 59

would conduct PCR plus HSV serology and another 39.9% would conduct PCR only to confirm a HSV

diagnosis?®.

Treatment patterns of individuals with genital herpes were also reported in four studies®2! 2844 The
study by DesHarnais et al in 1996 reported on antiviral use only among hospitalized patients with
herpes infections, which is unlikely to be representative of the vast majority of people with HSV
infection. Patrick et al in their survey found that 65% of people with genital herpes had ever been
treated with antivirals, while 18% used topical prescription medication and 13% used over the
counter topical cream. Among these individuals, 67% had received episodic therapy while 31%
received chronic suppressive therapy (Appendix Table 2). Another study on herpes-related quality of
life reported that 76.9% of respondents had ever been treated with antivirals, and 33.3% of the

respondents with HSV were on suppressive antiviral therapy when the survey was administered?®.

Cost and healthcare resource utilization pattern of prevention of neonatal herpes among pregnant

mothers

Nine studies reported costs for neonatal herpes prevention among pregnant mothers?? 3536 424346-43
(Appendix Tables 1, 2 and 6). Seven studies3> 364243464749 provided estimates on the cost for
treatment and childbirth delivery options, including caesarean and vaginal delivery in addition to
inpatient costs. The cost of hospitalisation ranged considerably, and could be as low as USD$300 to
as high as USD$32,483, while the cost of delivery ranged between USD$2,300 -$9,490. The costs
associated with different laboratory tests used, such as ELISA screening or viral cultures3®43 were
reported, while detailed listing of the cost component of different delivery methods and hospital
care were included in some studies (Appendix Table 6). The cost-effectiveness studies examined the
impact of either acyclovir suppressive therapy?®3>4647 or routine antenatal screening3642434849 for
prevention of neonatal herpes. In a study by Randolph et al in 1996, the authors found that
prophylaxis with acyclovir during late pregnancy could be a cost-effective strategy to reduce the
need for caesarean delivery due to genital herpes outbreaks during labour. Baker and colleagues in
2004 further expanded this work and estimated that adding serological testing to antiviral
suppressive therapy had an incremental cost per quality-adjusted life year gained (QALY) of $18,680,
compared with no screening or suppressive therapy*?. A modelling study by Tuite et a/ in 2010 had

similar findings related to screening for HSV in pregnancy?3®.
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Our focused search found a total of 10 studies which reported resource utilization among pregnant
mothers to prevent neonatal herpes?3-2842434648 Among these, four were cost-effectiveness studies
which had provided some information regarding resource utilization based upon estimates from
literature or assumptions.*?434648 |n one of the earliest studies by Brocklehurst in 1995, a survey of
British obstetrician-gynaecologists revealed that most would recommend some form of antenatal
screening for HSV using viral cultures usually by week 34 of gestation?3. However, such screening is
no longer recommended in the UK. Studies within HICs that have national obstetrics guidelines
recommending caesarean delivery when HSV lesions are present at delivery have shown that most
clinicians follow this guidance?*?’. For example, in a Canadian study, caesarean section was offered
"most of the time" to women with HSV lesions at delivery by 92% of obstetricians and 82% of family
physicians?é. In addition, in these settings women with genital herpes are often offered antiviral
suppressive therapy in the third trimester?* 2%, Both valacyclovir and acyclovir have been used, with
difference in preference by country. In the most recent survey of clinicians managing pregnant
women with HSV by Heggarty et al in 2020, the authors noted that 68.4% “always” prescribe
suppressive antiviral therapy during the third trimester and an additional 11.6% “often” prescribe it
for women with symptomatic primary HSV infection during pregnancy.?> For women with recurrent
symptoms during pregnancy, 55.1% of providers “always” prescribe and 12.9% “often” prescribe

antiviral prophylaxis in the third trimester.?8

Cost and healthcare resource utilization pattern of neonatal herpes management

Four studies*1 45051 reported cost of neonatal herpes management and reported only direct medical
costs (Appendix Tables 1 and 2). One study reported direct non-medical cost for long-term care of
individuals with neurological disability due to sequelae of HSV*3. All studies were in HIC. The
reported cost of hospitalisation of neonatal HSV ranged considerably, from 527,843 to $92,664. One
study reported the cost associated with hospital readmission, which was reportedly similar to the
first hospitalisation episode®°. Six studies3¢46-49>2 gccounted for the costs of informal care in their
calculation. Informal caregiving was defined as care provided by caregivers for infants who had
neurological sequelae following neonatal herpes. In total, seven studies3® 43464952 estimated long-
term care costs of neonatal herpes patients. One of these, by Thung et al*°, provided the estimated
cost for long term care of neonates with mild neurological deficit due to HSV, which cost
USD$17,304.61 after adjusting for inflation to 2017 values. Six studies*? 464952 provided estimates for

the lifetime cost of caring for a child with moderate and severe disability, and fall within the range
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USD$68,894 to USDS432,263 and USD$232,698 to USDS 1,296,792 respectively. It is important to
note that all studies relied on estimation of long-term costs calculated by Weitzman>3 with some

different assumptions, while one study*? used other sources of data.

A total of 7 studies!>1741455051 described resource utilization among individuals with neonatal herpes
(Appendix Tables 1 and 3). These studies described the length of stay for hospitalization which varied
considerably, with median hospital stays ranging from 6-34 days'>6. Ahmad et al/ noted that nearly

9.4 to 9.8% of neonates who had HSV required ICU stay'®>. None of the studies reported the number

of days for ICU hospitalization.
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DISCUSSION

Our review revealed a heterogeneous body of evidence on the healthcare resource utilization and
costs associated with genital and neonatal HSV infection, as well as some summary economic
estimates and cost-effectiveness studies of HSV intervention strategies, such as use of antivirals or
screening, which included unit cost data. While the evidence base provides a starting point for
understanding, several gaps remain. Despite the broad search strategy and inclusion criteria, we
identified only 38 papers, which shows the paucity of data on HSV-related healthcare resource
utilization as well as economic costs, especially from LMIC settings. The lack of data from LMIC is
particularly concerning, as these countries bear the greatest burden of HSV infection and disease.?3
54 The current review only identified one cost-effectiveness analysis from a middle income country3?
focused on people living with HIV only, and one high-level modelling study predicting costs of
implementing care for HSV GUD across 117 LMIC globally®’. In addition, many of the studies we
found were relatively old and may not reflect current practices such as the use of newer diagnostics
(e.g. PCR) and newer care recommendations. For example, the global study by Patrick et al.
reported that viral culture was the most common test used to diagnose HSV but this is likely because
the use of PCR was not yet common in clinical practice at the time of the study. The 2020 study in
France by Heggarty et al. reveals that PCR is now the most commonly used test, at least in this HIC

setting, with and without HSV serology?®.

While data on resource utilization and costing were most comprehensive from the US, large gaps
remain in many areas. For example, Gilbert and colleagues?® described the proportions of individuals
seeking care for genital herpes among adults aged 18 to 24 from 2000 to 2006, but since then there
have been no new updates. In terms of costing, we noticed similar trends, as studies3® mostly
referenced cost data collected in 2001 by Szucs et a/*L. This lack of data is similarly noted related to
HSV infection during pregnancy. While some information from health surveys exists, healthcare
resource utilization information is rarely tracked or reported. Our search demonstrated that for
most of the world, data on HSV related resource utilization are sparse. As such, new data sources
and better data collection efforts are needed to collect these standardized non-fatal data from
diverse healthcare settings. One major need is an understanding of how closely clinicians follow
national guidelines on HSV care and treatment, such as the studies by Kenny et a/?® and Heggarty
et?® al from Canada and France respectively. For example, while there are structured guidelines for

the workup of neonatal herpes and its related management, our review did not identify any studies
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that described the compliance to these guidelines. Such information can provide us with vital clues
into the economic burden of neonatal HSV as there is substantial cost due to the high mortality rates

neonatal HSV was not treated.

Our review was also constrained in summarizing findings across studies or countries and in
conducting across-study comparisons, due to the limited data and differing methodologies,
healthcare settings, and practices, particularly for healthcare resource utilization. Another concern
was the heterogeneity in data presentation in many studies identified. For example, the length of
hospital stay reported in studies varied considerably, with different assumptions used by authors,
and as a result, the cost of hospitalisation varied significantly even within the United States, which
limits the potential generalizability of these findings across different settings¢4145>1, Healthcare
practices also differ between LMIC and HIC with respect to how HSV is managed, e.g., most HSV
cases in LMICs are treated as part of syndromic management for GUD, without diagnostic testing.
This may mean that additional testing costs might need to be considered for HICs, whereas
additional treatment, for example for syphilis and chancroid, which can also cause GUD syndromes,
might need to be considered for LMICs. The focus on GUD more generally in LMICs may have made it

more challenging to identify potentially relevant HSV-specific studies for LMIC settings.

In order to estimate the global economic burden of HSV to contribute to the understanding of the
potential value of HSV interventions, research on HSV-related costs and healthcare utilization
patterns is urgently needed, especially from LMIC settings. Standardization of methods for the
measurement and reporting of economic costs would enhance across-study comparisons and inform
prioritization strategies of global funders. Only one study broadly attempted to quantify the
economic burden of HSV, which the authors estimated would require a projected investment of
around USDS$109 million from 2016 to 2021, just for the management of HSV-associated GUD, not
considering service delivery costs?’. However, this analysis only modelled treatment of HSV GUD for
a small proportion of people with HSV-2 infection (approximately 4%: assuming 15% would
recognize symptoms and 28% of those would seek care) and did not account for HSV recurrences
within a given year. New global estimates of HSV GUD suggest this is likely an underestimate.? In
addition, as this model lacked country-level estimates of baseline disease and did not take into
account the full spectrum of disease outcomes related to HSV nor the burden on health systems, the
costing estimates remain imprecise and incomplete, suggesting the need for a more comprehensive

model.
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This is the first systematic review of scientific literature on the healthcare resource utilization for
HSV. We conducted a comprehensive literature search and included grey literature through our
focused search. Nevertheless, most studies were only conducted in HIC especially from the USA. As
the practice and thus utilization of resources will vary between settings and countries due to
epidemiological and health systems differences, this will limit the generalisability of findings.
Nevertheless, results of this study will serve as a future repository for studies that wish to examine
the economic evaluations of any public health interventions for HSV. This review also highlights the
importance and need for more studies to describe on the healthcare resource utilization and
associated cost of HSV, especially from LMIC. We assessed study quality of all included studies,
which allows readers to assess the internal validity of these studies. The literature search was also
limited to studies published in English language. As data on healthcare resource utilization may be
published in government reports, or book chapters, these may not have been retrieved and included
in this review, which may partly explain the lack of studies describing healthcare resource utilization

from LMIC.
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CONCLUSION

This review is the first attempt and a key step towards providing data needed to understand the
global economic burden of HSV infection, for both HICs and LMICs. Available economic estimates,
primarily from HICs, suggest the economic burden of HSV infection could be substantial. However,
the global picture remains incomplete. Nevertheless, results obtained from this study will form a
repository which can inform future economic evaluations of interventions for HSV infection,
including HSV vaccines, microbicides, or new antiviral medications.>> These types of economic data

are crucial not only to improve the planning and development of any future HSV-related healthcare

interventions, but also to optimize the allocation of healthcare expenditures and medical resources.
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Figure legend

Figure 1. Flow diagram of study selection process
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Identification

Screening

BMJ Open

Records identified through
database
Pubmed: 3,732
PsychINFO: 345
EMBASE: 6,631

Eligibility

Included

Additional records identified
CEA registry: 43
WHO-LIS: 6
Econlit: 20

Supplemental focused
search on healthcare
resource utilzation
n=1,356

Records after duplicates removed
n=11,443

Records excluded by title
(n=28,779)

Records screened by title
and abstract —>

(n = 2,664)

Records excluded
(n=2,365)

Full-text articlesassessed |
for eligibility .

(n=299) .

| .

Studies included in
qualitative synthesis
(n=38)

Full-text articles excluded, with
reasons (n=261)

Not HSV disease: 98
Review/ case report: 44
Not reporting resource/
cost: 116

Abstract: 3

\4

Cost/ resource utilzation
studies on genital ulcer
disease among
adults/adolescents
(n=17)

!

Cost/ resource utilzation studies
on neonatal herpes prevention
among pregnant mothers
(n=13)

Cost/resource utilzation
studies on neonatal herpes
management
(n=8)
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Search methodology

1. Search strategy

oNOYTULT D WN =

9 e The current search strategy was developed based upon keywords which have been used in
previous existing HSV reviews commissioned by WHO. All search keywords used were
12 subsequently cross-checked with the following articles to ensure comprehensiveness

14 o Looker, 2017. Effect of HSV-2 infection on subsequent HIV acquisition: an updated
systematic review and meta-analysis

17 o Khard, 2019. The Epidemiology of Herpes Simplex Virus Type 1 in Asia: Systematic
18 Review, Meta-analyses, and Meta-regressions

o Looker,2012. Global estimates of prevalent and incident herpes simplex virus type 2
2 infections in 2012. PLoS One 2015;10(1) : e114989-e89. Doi: 10.1371/journal.pone.
22 0114989

23 e The following databases were identified for the search including: PubMed, PsychINFO,
EMBASE, Centre for Review and Dissemination, EconlLit, CEA registry and WHO Library
26 Database (WHOLIS)

2. Keywords search was revised to compare between a) search including exploding terms and b)
30 search including title and abstract. A total of 10,113 articles was found for search when terms
31 were exploded versus 5,966 when these terms were not exploded. As such, the methods will
only use search including exploding terms to minimize the risk of missing relevant study despite
34 its low specificity. The initial search was performed in April 2019, with an updated search in
35 October 2019.

39 3. Neonate search

42 e We also conducted search over again using all relevant HSV terms with neonate as keyword.
43 All articles identified in the search overlapped with existing broader search, thereby there is
no need to add neonate as key words
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Text 1: Keyword terms used in the search

No. Keyword

#1 Genital ulcer disease.mp.

#2 Herpes labialis.mp.

#3 Herpes genitalis.mp.

#4 Genital herpes.mp.

#5 Herpesvirus.mp.

#6 Herpes virus.mp.

#7 HSV.mp.

#8 Herpes simplex.mp.

#9 lor2or3ord4or5or6or7or8

#10 Healthcare util*ation.mp.

#11 Util*ation.mp.

#12 Physician visit.mp.

#13 General practitioner visit.mp.

#14 Hospital visit.mp.

#15 Clinic visit.mp.

#16 Hospital stay.mp.

#17 Hospitali*ation.mp.

#18 Hospital readmission.mp.

#19 Cost.mp.

#20 Cost-effectiveness.mp.

#21 Cost-utility.mp.

#22 Cost-benefit.mp.

#23 Cost-minimi*ation.mp.

#24 Counselling.mp.

#25 Seek care.mp.

#26 Behavio*r.mp.
10orl1lorl12or13orl1l4orl1l50rl16or17or18or 19 or20o0r21or22or
23 or24 or25o0r 26

#27

#28 9 and 27
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Text 2: Keywords used in focused search using exploding terms.

oNOYTULT D WN =

No. Keyword

9 #1 Genital ulcer disease.mp.

#2 Herpes labialis.mp.

#3 Herpes genitalis.mp.

13 #4 Genital herpes.mp.

14 #5 Herpesvirus.mp.

15 #6 Herpes virus.mp.

16 #7 HSV.mp.

17 #8 Herpes simplex.mp.

#9 lor2or3ord4or5or6or7or8

20 #10 pregnancy.mp.

21 #11 pregnant.mp.

22 #12 c*esarean.mp.

23 #13 delivery.mp.

24 #14 10 or 11

#15 12 or 13

57 #16 9 AND 14 AND 15
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Table 1: Summary of included studies reporting healthcare costs and/or resource utilization related to HSV infection

Health
HSV-subtype Cost data ea c_a.re .
Author, year | Population and Sample resource utilization
'Y p_ Study design | Study objective . P Healthcar Healthcar
Country setting size . Treat . Treat
1 2 e delivery e delivery
ment ment
process process
HSV genital ulcer disease among adults/adolescents
Almonte- General To study the dynamics of HSV—
Vega, 2020 population aged Cost-analysis | 2 transmission, control and - X X
USA3° 15-49 years old impact of treatment policies
Records of To investigate the rates of
Aslam 2012 individuals in the | Retrospectiv | diagnosed cases of GH in
" s Canadian Disease | e study Canada from 2002 to 2007 652 X
Canada .
and Therapeutic
Index (CDTI)
To describe patterns of
antiviral drug use for patients
hospitalized with chickenpox,
Adults with herpes simplex, and herpes 3011
Desharnais, herpes diagnosis . zoster infections, and also for
Retrospectiv .
1996 from the HCIA o stud a subgroup of herpes patients X X X X
USA* Clinical Pathways y with severe infections
Data Base (systemic infections, eye
infections, encephalitis,
hemorrhagic pneumonitis, and
other severe conditions)
. - T ject the future burd
Fisman, 2002 | Individuals aged Cost- © prOJec. © .u u.re urden
33 . of HSV-2 infection in the - X X X
USA 15 to 39 years effectiveness . .
United States, using a
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1
2
z mathematical model that
5 incorporated epidemiologic
6 trends documented between
7 1976 and 1994
8 To evaluate the projected cost
. . ffecti f strategies t
2 Fisman, 2003 | Heterosexual Modelling etrectiveness of stra e_gle.s 0.
10 5 prevent HSV-2 transmission in | -
1 USA couples study . .
couples with no history of
g HSV-2 infection
14 To estimate the impact on
Individuals with health-rel lity of lif
15 Fisman, 2005 ndividuals WI'F Prospective ea t' re atgd quality of life
recurrent genital associated with both 39
16 Canada®® study .
17 ulcer symptomatic and
18 asymptomatic GH
19 Add
;‘1) To investigate characteristics | Health
. . associated with GH screenin Data:
22 Gilbert, 2010 Retrospectiv c'. V\.” . ¢ E
23 USAZ Young adults e study and diagnosis in sexually 11,570
24 active young adults aged 18 to | NCHA:
25 24 222,74
26 0
27 To estimate the costs of
28 reaching the 2020 STl strategy
29 milestones for the period
P le 15-49
30 Korenromp, eop (.a . year Modelling 2016-2021, to support policy,
31 37 old living with oo . -
32 2017 HSV-2 study planning, implementation, and
33 future cost-benefit evaluation
34 of the global STl strategy
35 2016-2021.
36 Owusu- To examine the utilization and
37 Edusei, People aged 15- Retrospectiv | cost of the diagnostic methods i
38 2013a 25 years e study used for STI screening among
39 USA34
40
41
42
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privately insured adolescent
and young adult population

Owusu-

To update the estimates of

. Cost of - . .
Edusei, i iII?st(s) lifetime direct medical cost for i
2013b . 8 major STI
USA analysis
Patrick, 2004 To describe patient
Worldwide . . experiences and views
Subjects with . .

survey from . Survey regarding genital herpes 2075
78 genital herpes management
countries?!

To estimate the economic
Szucs, 2001 | General Economic burden of GH in the USA, 465,07
USA3? population analysis using two different costing 5

approaches

To assess the US direct

medical expenditures for
Tao, 2000 General Cost-of- enital herpes and its

o) : illness & | nerp : . -
USA population analvsis complications to assist policy
y makers in allocating limited

STD resources efficiently

To compare the cost per ulcer
Vickerman, Cost- treated of using the 1994 and
2008 - offectiveness 2003 algorithms amongst -
UK individuals presenting with

GUD

To estimate the cost-
Vickerman, effectiveness of daily acyclovir
2011 HIV+ women Cost- ' for delay'mg !—|IV—1 disease 300
South effectiveness | progression in women not
Africa®? eligible for antiretroviral

therapy (ART)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 59



Page 33 of 59

oNOYTULT D WN =

BMJ Open

To determine the utilization

Xia, 2018 . and cost burden associated
. General Retrospectiv . . . .. 704,72
United opulation o stud with HSV infection visits to 8
States?? pop ¥ U.S. EDs in recent years from
2006-2013
Neonatal herpes prevention among pregnant women
To determine whether
logi ing for h
Baker, 2004 | _ Cost- o B e (:;\Ffzs) | 100,00
USA* effectiveness P vp . 0
pregnant women and their
partners is cost-effective
To assess the potential
effectiveness, cost
Barnabas, effectiveness, and benefit of
2002% - Cost- suppressive therapy among
effectiveness . .
USA herpes simplex virus
serodiscordant sex partners
during pregnancy
To present a reanalysis of the
cost effectiveness of maternal
Binkin, 1989 | Pregnant women | Cost- herpes screening and a review | 3,600,0
USA® with HSV effectiveness | of the changes that have 00
occurred in the screening
recommendations since 1980
All members and To determine the clinical
Fellows of the practice among obstetricians
Brocklehurst, .
Royal College of Survey in the antepartum and
1995 - . 2252
UKZ Obstetricians and intrapartum management of
Gynaecologist women with recurrent genital
resident herpes infection
Brown, 2003 | Pregnant women To determine the effects of
! Cohort stud 58362
USA? from university, ONOTESTUAY 1 Viral shedding, maternal HSV
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army and serological status and delivery
community route on risk of transmission
hospitals of HSV from mother to infant
To evaluate health care
provider knowledge, and
Heggarty, Healthcare . .
. collect information on
2020 providers for Survey . 354
28 management of genital herpes
France pregnant women . .
during pregnancy and infants
born to mothers with herpes
Obstetrician, To identify the practice
gynaecologist and patterns of physicians
family physicians providing prenatal care in
Kenny, 2013 offermg Alberta .Wlth respect to
Canada® maternity care Survey prevention of neonatal HSV 183
practicing in infection, including their
Alberta prescribing of antiviral therapy
to pregnant women in the
third trimester.
To determine the clinical
Women with a benefits and cost-
Little, 2005 history of Cost- effectiveness of prophylactic i
USA% diagnosed genital | effectiveness | acyclovir in women with a
HSV history of HSV but no
recurrence during pregnancy
Pregnant women To describe the HSV
Lynn, 2017 with genital HSV Antenatal management in pregnancy at 107
Ireland?® from a university | chartreview | ajoint antenatal genital
hospital maternity hospital
Randolph, To compare the cost- '
Antenatal women effectiveness of oral acyclovir
1996 with recurrent Cost- rophylaxis in late pregnanc 10,000
USA% effectiveness | P OPY pree ¥ ’

genital HSV

compared to caesarean
delivery for genital herpes
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1

2

3 lesions in the prevention of

g neonatal herpes transmission

6 from mothers with recurrent

7 genital infections

8 To evaluate the potential cost

? Rouise, 2000 Antenatal women Cost- . e.ffectiver?ess of herpes 8538
0 USA effectiveness | simplex virus antibody

n screening

12 To determine whether

12 acyclovir suppression provides

15 Scott, 1998 Cost- a grgater cost saylngs over no

16 USAS - offectiveness medical therapy in the -

17 management of recurrent

18 genital herpes (HSV) in

19 pregnancy

20 To investigate the frequency

21 Stankiewicz . of invasive obstetric

22 . Pregnant women | Retrospectiv

23 Karita, 2017 from a hospital e study procedures and caesarean 449

>4 USA% deliveries for women with

25 known HSV infection

26 To determine the cost-

27 effectiveness of routine

28 Thung, 2005 , Cost- antenatal screening for HSV-1 | 100,00

29 USA® Married women effectiveness | and HSV-2 in women without | O

30 a known history of genital

;; herpes.

33 To assess the effectiveness

34 and cost effectiveness of

35 Tuite, 2010 Pregnant women Cost- identifying pregnant women 100,00

36 Canada3® effectiveness | at risk of de novo HSV 0

37 acquisition to prevent vertical

38 HSV transmission

39

40

41

42
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Neonatal herpes management

Neonates who

To evaluate whether guideline
implementation affected the

Ahmad, 2015 | sought care in Retrospectiv | ED's decision to test for HSV, 308
USA?® emergency e study ED use of HSV polymerase
department chain reaction (PCR) and
acyclovir
To quantify the economic
Neonates with burden of neonatal HSV
HSV and received during initial hospitalization
. intravenous while focusing on factors, such
Ambroggio, . . . .
acyclovir and Retrospectiv | as congenital anomalies and
2009 . . .. 406
USAAL discharge from e study HSV-associated complications,
Paediatric Health which increase hospital
Information charges and length of hospital
System stay among neonates with
HSV
To compare the data from the
French national hospital
isch
Patients aged 28 discharge database’
(Programme de Me
days and above S .
Bernard, from the Erench Prospective dicalisation des Syste” mes
2013 . : P d’Information; PMSI) and from | 1,947
16 national hospital | study .
France discharee the prospective study
databafe conducted in 2007 and
evaluate the reliability of PMSI
as a tool to assess the trends
of encephalitis in France
Neonates with To examine the temporal
Donda, 2019 | ICD-9 codes for Retrospectiv | trends in the incidence and 42,726,
USA® neonatal HSV in e study outcomes of neonatal HSV 336

the National

in the United States
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1

2

3 Inpatient Sample

;‘ from 2003-2014

6 Infp_a;c:lerlt recodrd650 To estimate the incidence of

% Z intants age HSV infections for the United

g fraoyr; c:rr];/ounger States during 2006, as well as

10 Flagg, 2011 Healthcare Cost Retrospectiv | demographic-specific rates, by | 4,106,4
11 USA3! and Utilization e study using nationally and regionally | 88
12 Project Kids’ weighted estimates from a

13 Inpatient population-based sample of

14 Database inpatient data

15

16 Records of To examine the incidence,

17 Mahant, neonates from . mortality, and health care use

18 2019 the Medicaid Retrodspectlv related to neonatal herpes 2,107,1
19 USA*® claims database e study HSV infection. 24
20 from 2009 - 2015

21 Insurance claim To estimate the average

;g data on inpatient excess inpatient cost of

24 admission from neonatal herpes simplex virus

25 Owusu- the Truven Health Cost-of- (NHSV) infection from 2005 to

26 Edusei. 2015 Analytics ilness 2009 insurance claims data 474,74
27 USAL? ’ MarketScan analysis 3
28 Commercial

29 Claims and

;? Encounters

32 Database

33

34

35

36

37

38

39

40

41

42
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Table 2: Detailed description of studies reporting cost (unit cost)

Author,
year
Country

Population
and setting

Diagnostic costs
(range)

Treatment costs* in
original year of value
(range)

Hospitalisation costs
(range)

Other healthcare
delivery costs
(range)

Lifetime
management cost
(range)

Genital ulcer disease among a

dults/adolescents

years

Antiviral therapy
Relapse: $17 (59-536)
Monthly suppressive
therapy: $40 ($20-5220)

Almonte- Generaln Microbiological lab Acyclovir treatment Consultation, clinical
Vega, 2020 population test (unspecified): (duration not specified): | NR examination and NR
USA® aged 1549 | ¢g) 17 $86.33 diagnostic: $161.85
years old
Adults with
herpes Total drug charges:
Desharnais, | diagnosis $1941 Hospital charges:
w R NR . NR NR
1996 identified Antiviral drug charges $5637
from the HCIA (not specified): $1070
database
Initial cost of caring
for neonates with
Cost of treatment for
primary syndrome E?V:. 542'603. | and
Male: $470 ($370- Clinic visit: $120 k'):tﬂ‘:r;“far'gacoasrt‘
5560) (390-5150) for?nfants with
Fisman. Individuals Female: $830 ($670- Obstetrical care: moderate
20027 aged 15t0 39 | NR $1000) NR $310 ($130-$800) neurological

sequalae: $97,000
Lifetime medical and
long-term care cost
for infants with
severe neurological
sequalae: $291,000
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Fisman,
2003>

Heterosexual
couples

Western blot: $60
(545-590)
ELISA: $5 ($3-$35)

Cost of treatment for
primary syndrome
Male: $450 (S360-
5$40)

Female: $800 ($640-
$960)

Acyclovir (per episode):

$16 (59-$35)

Acyclovir (monthly
suppressive): $40 (S20-
$215)

NR

Clinic visit: $120
($90-$145)

Labour: $120 ($90-
$145)

Lifetime cost of care
of neonatal HSV-2:
$110,000 ($85,000-
$860,000)

20 Korenromp,
21 2017%

People 15-49
year old living
with HSV-2

NR

Acyclovir 400mg per
tab: $0.04

NR

Treatment service
delivery (not
specified): $10
Procurement cost:
$0.21

NR

24 Owusu-
25 Edusei,
26 2013a*

People aged
15-25 years

Laboratory test
(unspecified): $24.30-
27.05

NR

NR

NR

NR

32 Owusu-
Edusei,
2013b%*°

NR

NR

NR

NR

Lifetime medical cost
per case,
median(range):
Men: $761 (381-
1,142)

Women: $621(311 -
932)

Lifetime cost of new
infections acquired
in 2008: $435.9
million
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Szucs, General Laboratory test: $1.5- | Drug: $64-131 Hospitalisation: $669 La.b(.)urf $%9'8 62.6

5001 population 26.50 Clinic visit: $36.20-73 | NR
' Day off work: $144

Vickerman, i NR Acyclovir 200mg tds for NR Counselling cost: NR

2008% 5 days: $0.53-5.24 $0.28

Vickerman Acyclovir 400mg: $0.07 Staff costs/women

20113 " | HIV+ women | NR Yearly ART cost: $1700 NR 3m treatment cycle: | NR

(1359-2000) $15.60
Xia, 2018 | Seneral NR NR ED: $1,069
population

Neonatal herpes prevention a

mong pregnant mothers

Baker,
20044

Laboratory test with
labor cost for HSV-2:
15.58 - 60.00

Average antiviral daily
cost (assuming 50% on
generic acyclovir 400mg
tds and 50% on
valacylovir qd): $1.70-
7.90

Acyclovir 400mg:
$0.366- 1.955
Valacyclovir 500mg/tab:
$3.95

Valacyclovir 1g/tab:
$6.49

Delivery: $4,779-
22,838

Labour cost: $15.58
-$60

Counselling cost:
$5.98-56.67

Lifetime cost of care
of neonatal HSV:
$54,516- $129,576
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Drug cost per couple
per pregnancy: $37

C/S cost (personnel,

Labour cost: $200-
1628

Neonatal care after
C/S: $884

B Di ic cost: $16-
zgg;azgas’ - sllaO%nostlc cost: $16 Acute neonatal herpes supplies, surgery and Counselling cost: Long term care for
treatment $1,500- ward care): $11,084 $12-$19 neonatal herpes:
50,000 $140,766 - $273,712
Hospitalisation for
complication: $300-
Binkin Pregnant 322 ital care Long term care for
198943’ women with | Viral culture: $30 NR assopciated with NR neonatal herpes:
HSV $125,000-$250,000
neonatal herpes:
$25,000
Delivery: $2,300-3,600
. quen with Acyclovir (prophylaxis) Delivery: $4,939-9,490 Lifetime cost of .care
Little, a history of T of neonatal HSV:
20054 diagnosed NR from 36 weeks of Hospitalisation: NR $349,7533-
genital HSV gestation: $46 $32,483 $1,049,260
Randolph, ﬁ/r;t;r;tj\:ith Acvelovir 400m Lifetime cost of care
19964 Laboratory: $35 y & Delivery: $3,500 Labour: $74 of neonatal HSV:
recurrent (200caps): $228
. $85,000- 255,000
genital HSV
Rouse Antenatal Hospitalisation for Lifetime cost of care
200042; women Laboratory: $4 - 13 NR neonatal care: Labour: $3.50-10.50 | of neonatal HSV:
$11,126 $48,519- 163,879
Hospitalisation for
Scott Acyclovir 400mg tds for | neonatal care: $480-
1998;5 - HSV culture: $80 4 weeks: $180 1470 NR NR

Delivery: S5,321 —
9,039
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Thung,
2005%

Married
women

HSV screening: $37.5-
$75

Acyclovir 400mg tds for
4 weeks: $§71

Delivery: $4,281 -
9,283

Counselling cost:
S13

Lifetime cost of care
of neonatal HSV:
$13,202 - 325,602

Tuite,
2010%

Pregnant
women

ELISA test: $7-S14

NR

Delivery: $5680- 8780

NR

Lifetime cost and
consequence of
neonatal HSV:
$164,870

Neonatal herpes management

Ambroggio,
2009%

Neonates
with HSV and
received
intravenous
acyclovir and
discharge
from
Paediatric
Health
Information
System

NR

Median pharmaceutical
(not specified): $4,231
Median Imaging: $2,010

Median hospital
charge: $37,431

NR

NR

Donda,
2019%

Patients aged
28 days and
above from
the French
national
hospital
discharge
database

NR

NR

Hospitalisation:
$27,843

NR

NR

Flagg,
2011%

Neonates
with ICD-9
codes for
neonatal HSV

NR

NR

Hospitalisation:
$92,664

NR

NR
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in the
National
Inpatient
Sample from
2003-2014

12 Mahant,
2019%°

Records of
neonates
from the
Medicaid
claims
database
from 20009 -
2015

NR

NR

Hospitalisation:
$32,683

$31,531
ED visit: $527

Hospital readmission:

NR

NR

20 *All costs are mean costs except where explicitly labelled as median costs.

22 C/S — Caesarean section; ED - Emergency department; NR — Not reported
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Table 3: Detailed description of studies reporting resource utilization

Author, year Healthcare seeking and diagnosis Treatment phase
Genital ulcer disease among adults/adolescents
e 74.1-93.2% sought care once within
Aslam, 12 months
2012 e 6.8-25.9% sought care twice to 8x a
year
. Oral treatment only: 16.1%
Desharnais,
19964 IV treatment: 16.2%
Hospital stay: 5.4 days
Fisman, 33.3% used antiviral drugs for HSV
2005% 15.8% had pregnancy complicated by HSV
Gilbert, e 1.32% of young adults ever tested
2010%° for genital herpes
. e 49% had viral culture performed 65% received oral antiviral therapy
Patrick, . 0 . . .
50042 e 9% had antibody test 18% received topical antiviral therapy
o 34% had physical examination 17% obtained alternative therapy
o Estimated annual genital herpes
visit 499,655 yearly
2 e 2% were inpatient visit
Tao, 2000 e 9% outpatient & ED visit
e 20% public STD clinic
e 69% private office based visit
From 2006-2013
e 245,484 ED visits with primary
diagnosis of genital herpes or
37.3% of total ED visits for HSV
e Total charges: $278,335,295
Xia, 2018
ED visits trend from 2006 — 2013
o 24,747 (33.8%); 26,440 (34.1%);
27,484 (36.1%), 28,440 (36.5%);
33,258 (37.8%); 33,095 (38.3%);
35,501 (40.0%); 36,518 (40.3%)
Neonatal herpes prevention among pregnant mothers
Estimates used in model
Estimates used in model
Baker, 1.32% women HSV-2 negative acquiring
2004* e 75% of partners will be willing to HSV during last 8 weeks of pregnancy
undergo HSV screening 57% women or partner offered and accept
antiviral therapy with testing
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1

2

3 e 82% women taking antivirals from week 36
‘5‘ compliant

6

7 Estimates used in model

) Binkin,

9 19894 e Average number of cultures per

10 patient: 8

11

:g e 60% of obstetricians advocated

14 some form of antenatal screening

15 . .

16 Brocklehurst, | Among those performing screening e 92% of providers: visible active lesions at
17 199523 o 64% perform regular viral cultures labor are cause for caesarean delivery

18 e 54% recommend screening <34

19 weeks of gestation

20

21

22

23

24 ¢ Allwomen with HSV genital lesions noted at
25 Brown delivery had caesarean delivery (n=60)

26 200327' unless lesions not noted until too late to

27 proceed with caesarean or lesions noted
28 after delivery (n=14)

29

30 . . ) e If primary HSV GUD during pregnancy,

31 For s‘:”jgg; prlmi':\c;’y gegltal Eé\é ¢ 68.4% “always” and 11.6% “often” prescribe
32 Ies,.ionosV\pl)(I)L:Js Hcso\r; sue(i)logy 2 antiviral prophylaxis in 3™ trimester

33 Heggarty, = 39.9% would conduct PCR of * [Ifrecurrent HSV GUD during pregnancy,
34 2020% lesions alone 55.1% “always” and 12.9% “often” prescribe
35 . 0.4% would conduct HSV antiviral prophylaxis in 3" trimester

36 sérotl)o onl e 83% recommend caesarean delivery if

37 gy only genital HSV lesions suspected during labour
38

39 e Antiviral suppressive therapy prescribed in
40 third trimester by 90% of doctors (97% of

41 obstetricians and 84% family physicians)

42 =  62% prescribed for any past history of
43 . : GUD including pre-pregnancy

44 e  30% physicians will perform type- . 0 ;

45 specific serology “most of the time” Z?e/o nO;r:z after outbreak during

46 Kenny, for patients with no history of . rI\)/Io?e comymonly prescribed acyclovir
47 20132 herpes but partner with known HSV (63%) than valacyclovir (38%)

48 e 65% offer elective caesarean if primary HSV
49 in third trimester

50 e 95% of obstetricians and 84% of family

51 physicians recommend caesarean delivery if
52 HSV lesions during labour

53

54 Estimates used in model

55

56 Little, 2005 e 24% of women will undergo caesarean

gé delivery if no lesion was present

59

60
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Lynn, 2017%

e  89% of patients had type-specific
serology sent

63% received antiviral prophylaxis

= 98.5% received valacyclovir

= 1.5% received acyclovir

= Mean for initiating: week 36

29% of patients underwent caesarean
delivery, none for HSV

Estimates used in model

Rouse,
20008 e 75% of partners will be willing to
undergo HSV screening
e Antiviral suppressive therapy:

= 55% HSV-2 antibody-positive only
Stankiewicz =  65% history of symptomatic GUD
Karit e Similar caesarean section rates for women
231'72; with/without history of HSV/genital herpes:

= 25% without history of HSV-2/GH
= 30% on suppressive treatment
28% without suppressive treatment

Neonatal herpes management

e CSF PCR performed in 92.3%

9.4 — 9.8% require ICU stay

Ahm?f' e Blood PCR performed in 48.7% e Hospital stay: 83.1-84.6hr
2015 : :
o 71.8% received acyclovir
Ambroggio, .
20094 e Median length of stay: 13 days (IQR 4-21)
B d, . -
ernaler e Mean hospital admission: 28 -34 days
2013
Donda, Median length of stay: 20
[ ]
201945 g y

Flagg, 2011

Mean length of stay: 22 days
Median length of stay: 2- days

Median hospital stay: 18 days

Mahant, e Post discharge,
2019%° o 45.7% required ED visit

o 16.2% required rehospitalisation
Owusu- e Mean hospital stay: 10.8 (11.5)
Edusei, e Mean hospital stay among those with
2015Y admission >7 days: 18.5 (12.5)
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Table 4: Detailed cost incurred in genito-ulcer diseases due to HSV

Unit cost ($) in

Unit cost in 2018

2020

Author,year Outcomes .
original year %)
Medication costs
Vickerman,
2008 One dose of IV benzathine penicillin 2.4MU 0.15-0.48 0.19-0.59
Vickerman,
One tab of 500mg ciprofloxacin 0.10- 0.21 0.12- 0.26
2008
Vickerman,
One cap of 200mg acyclovir 0.53-5.24 0.66 — 6.48
2008
Fisman, 2003 Acyclovir therapy for relapse patients 16.00 22.72
Fisman, 2003 Acyclovir cost for suppressive monthly therapy 40.00 56.80
Almonte-Vega,
Acyclovir therapy 86.33 86.33
2020
Fisman, 2003 Condom cost 0.10 0.14
Szucs, 2001 Pharmacological treatment 1st episode (NS) 64.00 94.86
Pharmacological treatment recurrent episode
Szucs, 2001 131.00 194.18
(NS)
Vickerman,
Needle and syringe cost 0.15 0.19
2008
Tao, 2000 Pharmacy claim 52.00 73.84
Laboratory test
Szucs, 2001 Antibiotic testing based on expert opinion 76.50 113.39
Szucs, 2001 Antibiotic testing in first episode based on claims 12.80 18.97
Antibiotic testing in subsequent episode based on
Szucs, 2001 ) 6.50 9.63
claims
Szucs, 2001 Complete blood count based on expert opinion 21.29 31.56
Complete blood count in first episode based on
Szucs, 2001 ) 4.60 6.82
claims
Complete blood count in subsequent episode
Szucs, 2001 1.50 2.22
based on claims
Szucs, 2001 Microbiological test for first GUD episode 17.60 26.09
Szucs, 2001 Microbiological test for subsequent GUD episode 6.70 9.93
Szucs, 2001 Microbiological test based on expert opinion 38.39 56.90
Almonte-Vega,
Microbiological lab test 80.17 80.17
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Fisman, 2003 Western blot 60.00 85.20

Szucs, 2001 Urine analysis based on expert opinion 12.59 18.66

Szucs, 2001 Urine analysis in first episode based on claims 4.60 6.82
Urine analysis in subsequent episode based on

Szucs, 2001 ) 3.20 4.74
claims

Hospitalisation cost
Excess obstetrical cost associated with history of

Fisman, 2003 300.00 425.98
symptomatic HSV2 infection

i Excess obstetrical cost due to symptomatic

Fisman, 2003 310.00 440.18
HSV2 infection

Tao, 2000 Inpatient cost 2,530.00 3592.46

Szucs, 2001 Hospital day 669.00 991.63

Clinic visit

Fisman, 2003 Clinic visit related to GUD (for physician time, 120.00 170.39
test, lost wages due to 2hr patient time)

Szucs, 2001 Clinical examination based on expert opinion 40.33 59.78
Clinical examination first episode based on

Szucs, 2001 ) 39.80 58.99
claims
Clinical examination on subsequent episode

Szucs, 2001 36.20 53.66
based on claims

Szucs, 2001 Physician consultation based on expert opinion 73.00 108.21
Physician consultation in first episode based on

Szucs, 2001 62.60 92.79
claims
Physician consultation in subsequent episode

Szucs, 2001 59.60 88.34
based on claims

Tao, 2000 Outpatient and ED 59.00 83.78

Fisman, 2003 Outpatient visit 120.00 170.39

Tao, 2000 Office based physician and public clinic 67.00 95.14

Almonte-Vega,

2020 Consultation, clinical examination and diagnostic 161.85 161.85

Vickerman,
Counselling cost 0.28 0.35

2008

Other costs
Others miscellaneous cost related to first GUD

Szucs, 2001 33.00 48.91
episode(not reported)
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Others miscellaneous cost related to recurrent

Szucs, 2001 GUD episode(not reported) 12.30 18.23
Szucs, 2001 Production losses 60.00 88.94
Szucs, 2001 Total cost of active GUD 355.00 526.20
Szucs, 2001 Total cost of incident GUD 235.00 348.33
Szucs, 2001 Total cost of prevalent GUD 166.00 246.06
Szucs, 2001 Total cost of recurrent GUD 499.00 739.65
Treatment cost for men assuming 2 clinic visit, 7
Fisman, 2003 day course of acyclovir (400mg tds) and 2 days 450.00 638.97
off work
Treatment cost for women assuming 2 clinic visit,
Fisman, 2003 7 day course of acyclovir (400mg tds) and 2 days 800.00 1135.95

off work
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Table 5: Detailed cost associated with genitoulcer disease prevention in people living with HIV

Unit cost ($) in | Unit cost in
Author, year Outcomes

original year 2018 (%)
Vickerman, 2011 | Acyclovir 400mg 0.07 0.07
Vickerman, 2011 | Staff cost- for default tracer over 3 months 24.00 22.32
Vickerman, 2011 | Staff cost for training for STI diagnosis and default 0.46 0.43

tracer

Vickerman, 2011 | Labour cost for senior nurse 2.52 2.34
Vickerman, 2011 | Counselling cost (10 mins) 0.88 0.82
Vickerman, 2011 | CD-4 count test 7.90 7.35
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Table 6: Detailed cost associated with neonatal herpes prevention/management

Unit cost Unit cost in
Author,year Outcomes
(USDS$) 2017 (%)
Medication costs
Randolph, 1996 One cap of acyclovir 400mg 1.14 1.72
Baker, 2004 Pharmaceutical cost for pregnant women 6.18 8.10
Baker, 2004 Pharmaceutical cost for partner 3.93 515
Baker, 2004 Valacyclovir 500mg 3.95 518
Baker, 2004 Valacyclovir 1000mg 6.49 8.51
Baker, 2004 Acyclovir 400mg 1.96
2.57
Barnabas, 2002 Acyclovir treatment for a couple for one pregnancy 37.00 51.37
Scott, 1998 Acyclovir 400mg 1.71 2.58
Laboratory test
Randolph, 1996 Screening using herpes culture 35.00 52.83
Thung, 2005 HSV1 or 2 screening cost 37.50
49.15
Thung, 2005 HSV 1 and 2 screening 75.00
98.31
Rouse, 2000 HSV-2 antibody assay 4.00 5.68
Rouse, 2000 HSV-2 labour and reagent cost, QC etc 9.00 12.78
Tuite, 2010 ELISA screening for HSV 7.00 7.96
Scott, 1998 HSV culture 80.00 120.75
Baker, 2004 Labor and supplies for HSV-2 specific test 15.58 20.42
Baker, 2004 HSV test for partner 40.53 53.12
Barnabas, 2002 Diagnostic kit cost 70.00 97.18
Binkin, 1989 Viral culture 30.00 52.97
Hospitalisation cost
Vaginal delivery with metritis, includes labour, delivery,
Scott, 1998 8439.00 12,737.15

postpartum and professional
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Vaginal delivery without metritis, includes labour,
Scott, 1998 5,321.00
delivery, postpartum and professional 8,031.09
Ambroggio, 2009 | Hospital charges 62,050.90 70,544.69
Tuite, 2010 Vaginal delivery 5,680.00
6,457.50
Little, 2005 Vaginal delivery 4,939.00 6,104.17
Randolph, 1996 Caesarean delivery over vaginal 3,500.00 5,282.62
Tuite, 2010 Caesarean section 8,780.00
9,981.84
Tao, 1999 Caesarean attributable to genital herpes 1,922.00 2729.13
Little, 2005 Caesarean delivery 9,490.00 11,728.80
Little, 2005 Caesarean delivery with lesion 7,608.00 9,402.82
Caesarean delivery with metritis, includes labour,
Scott, 1998 ) ) 9,039.00 13,642.74
delivery, postpartum and professional
Caesarean delivery without metritis, includes labour,
Scott, 1998 10,553.00 15,927.85
delivery, postpartum and professional
Thung, 2005 Elective caesarean 7,425.00
9,732.37
Thung, 2005 Labour caesarean 9,283.00 12,167.75
Little, 2005 Hospital care due to neonatal herpes infection 32,483.00 40,146.12
Rouse, 2000 Hospital care due to neonatal herpes infection 11,126.00 15,798.28
Baker, 2004 Caesarean delivery 5,021.00
6,581.31
Binkin, 1989 Hospital stay due to complication 698.00
1,232.38
Binkin, 1989 Hospital care due to neonatal herpes infection 25,000.00
44,139.53
Barnabas, 2002 Caesarean delivery with lesion 11,084.00 15,388.48
Clinic visit
Scott, 1998 Clinic visit 39.50 59.62
Thung, 2005 Counselling cost 13.00 17.04
Rouse, 2000 Counselling cost (10 mins) 3.50 4.97
Rouse, 2000 Counselling cost for couple (30 mins) 10.50 14.91
Randolph, 1996 Follow-up call and office visit following screening 74.00 111.69
Barnabas, 2002 Pharmacy dispensing and education cost 3.00 417
Barnabas, 2002 Obstetrician counselling and testing salary for screening 19.00 26.38
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Barnabas, 2002 Obstetrician counselling and testing salary for treatment 12.00 16.66
Long-term care cost
Scott, 1998 Infant treated for HSV (include drug and culture) 1,470.00 2,218.70
Scott, 1998 Neonatal care if using caesarean delivery 821.00
1,239.15
Scott, 1998 Neonatal care if using vaginal delivery 480.00
724.47
Randolph, 1996 Neonatal herpes acute hospital care 10,160.00 15,334.69
Thung, 2005 Acute and long term care for normal/mild deficit 13,202.00 17,304.61
Randolph, 1996 Long term medical cost for moderate disability (Y1-Y65) 85,000.00 128,292.20
Thung, 2005 Acute and long term care for moderate deficit 134,202.00 175,906.12
Little, 2005 Lifetime cost and care for moderately disabled child 349,753.00 432,263.77
Lifetime cost and care for moderately disabled child
Rouse, 2000 48,519.00 68,894.21
1999
Lifetime medical and institutionalised cost for neonatal
Baker, 2004 92,350.00 121,048.35
herpes
Binkin, 1989 Lifetime cost and care for moderately disabled child 125,000.00 220,697.66
Lifetime cost of neonatal HSV with moderate
Fisman, 2003 97,000.00 13,7734.46
neurological sequel
Randolph, 1996 Long term medical cost for severe disability (Y 1-Y65) 255,000.00 384,876.59
Thung, 2005 Acute and long term care for severe deficit 325,602.00 426,784.88
Little, 2005 Lifetime cost and care for severely disabled child 1,049,260.00 1,296,792.56
Rouse, 2000 Lifetime cost and care for severely disabled child 163,879.00 232,698.82
Binkin, 1989 Lifetime cost and care for severely disabled child 250,000.00
441,395.33
Lifetime cost of neonatal HSV with severe neurological
Fisman, 2003 291,000.00 413,203.38
sequel
Tuite, 2010 Lifetime cost of neonatal HSV 164,870.00 187,438.10
Fisman, 2003 Lifetime cost of neonatal HSV 110,000.0 156,193.72
Baker, 2004 Counselling cost nurse (15 mins) 5.98 7.84
Baker, 2004 Counselling cost physician (5 mins) 6.67 8.74
Baker, 2004 Labour cost and supplies 15.58 20.42
Baker, 2004 Total cost without screening program 1,181.35 1,548.46
Baker, 2004 Total cost with screening for women 1,211.95 1,588.57
Baker, 2004 Total cost with screening for women and partner 1,267.24 1,661.04
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Barnabas, 2002 Maternal mortality cost 443,858.00 616,230.57
Thung, 2005 Mortality cost 13,202.00 17,304.61
Barnabas, 2002 Neonatal care after caesarean 885.00 1228.69
Barnabas, 2002 Medical services for care of neonatal herpes 273,712.00 380,008.25
Barnabas, 2002 Long term care for neonatal herpes 140,766.00 195,432.58
Barnabas, 2002 Caregiver cost for neonates due to neonatal herpes 149,943.00 208,173.47
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i Figure 1: Methodological quality of included economic studies using CHEC Checklist
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Figure 2: Methodological quality of included costing studies using Larg and Moss Checklist

What was the motivation and perspective of the study?
Was the appropriate epidemiologic approach taken?

Was the study question well specified?

Were all relevant, non-trivial cost components and their...

Were necessary timeframes specified?

Was a case of disease or risk factor adequately and...

Was the counterfactual population occurrence plausible...

Methodology and data

How well were resource use and productivity losses...
Was an appropriate method(s) of quantification used, such...

Only costs specific to (caused by) the health problem were...

All important effects were captured?

Important differences across subpopulations were...

The required level of detail could be provided?

Was the resource quantification method(s) well executed?

For population-based studies, were cost allocation...

For person-based studies, were appropriate statistical tests...

Were data representative of the study population?

Were there any other relevant resource quantification...

Were healthcare resources valued appropriately?

Was the approach for valuing production losses justified, ...

Was the inclusion of intangible costs appropriate?

Was double counting of mortality-related production losses...

Were losses valued appropriately, given the study’s...

Analysis and reporting

Did the analysis address the study question?
Was a range of estimates presented?

Were the main uncertainties identified?

Was a sensitivity analysis performed on:
-important (uncertain) parameter estimates?
-key assumptions? (including the counterfactual)

-point estimates? (based on confidence or credible intervals)

Was adequate documentation and justification given for...
Was uncertainty around the estimates and its implications...
Were important limitations discussed regarding the cost...

Were the results presented at the appropriate level of...
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PRISMA 2020 Checklist

Section and Item Location
. Checklist item where item
Topic # .
is reported
TITLE
Title 1 | Identify the report as a systematic review. 1
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. Attachment
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge.
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. 5-6
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the
sources date when each source was last searched or consulted.
Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used. 7, Appendix
Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record | 7
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 7-8
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 8
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 8
assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each | 8
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. 8
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 8
methods comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 8
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. 8
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 8
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). 8
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). 8
assessment
Certainty 15 | Describe any methods used feeassesscoersainty (otcorifidgoga)inthe dmdy vievidencéioran oatoame| NA
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Section and Location
Tobi Checklist item where item
opic .
is reported
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in | 9
the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. 9, Appendix
Study 17 | Cite each included study and present its characteristics. 9
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 9
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 10-14
individual studies (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 10-14
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 10-14
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. 10-14
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. 10-14
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. 9-10
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 15-17
23b | Discuss any limitations of the evidence included in the review. 15-17
23c | Discuss any limitations of the review processes used. 16
23d | Discuss implications of the results for practice, policy, and future research. 16-17
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. NA
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. NA
24c | Describe and explain any amendments to information provided at registration or in the protocol. NA
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 4
Competing 26 | Declare any competing interests of review authors. 19
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 19
data, code and studies; data used for all analyses; analytic code; any other materials used in the review.
other materials
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YSection and Topic :em Checklist item ?Yeezc;':tg)d

TITLE

Title 1 | Identify the report as a systematic review. Yes

BACKGROUND

Objectives 2 | Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes

METHODS

Eligibility criteria 3 | Specify the inclusion and exclusion criteria for the review. Yes

Information sources 4 | Specify the information sources (e.g. databases, registers) used to identify studies and the date when each | Yes
was last searched.

Risk of bias 5 | Specify the methods used to assess risk of bias in the included studies. Yes

Synthesis of results 6 | Specify the methods used to present and synthesise results. Yes

RESULTS

Included studies 7 | Give the total number of included studies and participants and summarise relevant characteristics of studies. | Yes

Synthesis of results 8 | Present results for main outcomes, preferably indicating the number of included studies and participants for | Yes
each. If meta-analysis was done, report the summary estimate and confidence/credible interval. If comparing
groups, indicate the direction of the effect (i.e. which group is favoured).

DISCUSSION

Limitations of evidence 9 | Provide a brief summary of the limitations of the evidence included in the review (e.g. study risk of bias, Yes
inconsistency and imprecision).

Interpretation 10 | Provide a general interpretation of the results and important implications. Yes

OTHER

Funding 11 | Specify the primary source of funding for the review. Yes
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