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ABSTRACT The absence of markers of inflammation in the cerebrospinal fluid (CSF)
commonly predicts the absence of herpes simplex virus (HSV) central nervous sys-
tem (CNS) infection. Consequently, multiple authors have proposed and validated
criteria for deferring HSV PCR testing of CSF in immunocompetent hosts with nor-
mal CSF white blood cell and protein levels (�5 cells/mm3 and �50 mg/dl, respec-
tively). Hosts are considered immunocompetent if they are �2 years old and have
not had HIV or an organ transplant. Adoption of the criteria may erroneously ex-
clude HSV-infected persons from a necessary diagnostic test or, alternatively, reduce
the costs associated with HSV tests with minimal to no effect on patient care. Little
is known about the cost-effectiveness of this approach. A decision analysis model
was developed to evaluate the adoption of criteria for screening HSV tests of CSF.
Estimates of input parameter values combined available literature with a multiyear
multisite review at two of the largest health care systems in the United States.
Adoption of criteria to screen for HSV test need proved cost-effective when less
than 1 in 200 patients deferred from testing truly had an HSV CNS infection. Similar
to prior studies, none of the deferred cases had HSV encephalitis (n � 3120). Adop-
tion of these criteria in the United States would save an estimated $127 million ($95
million to $158 million [�25%]) annually. The model calculations remained robust to
variation in test cost, prevalence of HSV infection, and random variation to study as-
sumptions. The adoption of criteria to screen HSV PCR tests in CSF represents a
cost-effective approach.
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Multiple studies have identified herpes simplex virus (HSV) as the most common
cause of encephalitis (1–3). Unlike treatment of other causes of viral encephalitis,

treatment of herpes simplex virus with acyclovir (ACV) has the highest recommenda-
tion for treatment from the Infectious Diseases Society of America (4). The combination
of relatively benign treatment and a poor prognosis without treatment justifies a
laboratory workup for many more patients than have the disease. The gold standard
test for herpes simplex has become nucleic acid amplification, such as HSV PCR. An
alternative approach to PCR proposes to test only select patients who meet specific
clinical and laboratory criteria.

Over the past 15 years, evidence for excluding herpes simplex virus without HSV PCR
has accumulated (5–10). The authors of these studies cited five primary factors as their
motivation. First, the spectrum of disease detected by PCR has become less severe and
less treatable (e.g., Mollaret’s meningitis, HSV-2 meningitis) (11). Second, PCR for HSV
has a very low positive rate, between 1% and 3%. Most of the positive results are not
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encephalitis (12). Third, PCR has a high cost. HSV PCR ranks in the 90th percentile of
costs in the Medicare-Medicaid laboratory fee schedule (13). Fourth, the exclusion of
HSV with clinical features and routine lab tests has minimal to no monetary cost. Fifth,
the criteria can limit unnecessary treatment, because clinical features and routine lab
tests can be obtained prior to HSV PCR results.

Although the exclusion of HSV infection without PCR has advantages, it has a
principal disadvantage as well. This approach could incorrectly exclude HSV, thereby
delaying ACV treatment in a patient with PCR-positive HSV encephalitis (14). This
worst-case scenario did not occur in the four largest studies. A review of the criteria
proposed by Hanson et al. (Reller’s criteria), the best-studied criteria, found only one
anecdotal case report of a particularly unusual presentation of HSV encephalitis that
would have been excluded from PCR testing. Other exclusion situations due to mis-
communication about clinical criteria (8) and borderline elevations in CSF parameters
also exist (6).

Given the advantages and disadvantages of PCR, we sought to evaluate the decision
to selectively exclude HSV PCR with Reller’s criteria compared to the decision to use
PCR for all samples. We paid particular attention to the sensitivity of the model’s
conclusions to various estimates for the incorrect exclusion of HSV encephalitis from
PCR testing. We also projected the amount of cost-savings in the United States with the
adoption of Reller’s criteria in clinical practice.

RESULTS
Baseline analysis. The addition of criteria for screening HSV PCR outperformed the

alternative strategy in our model using the baseline parameters. Compared to no
criteria for screening for HSV PCR test need, the addition of criteria produced an
identical quality-adjusted life-year (QALY) gain and saved $228 per person referred for
HSV PCR. The baseline analysis assumed that a patient with no HSV CNS infection had
normal CSF white blood cell (WBC) and protein levels, which reflects case series in the
published literature and our institutional experience at Yale and the Veterans Health
Administration (VHA). We estimate that using the criteria to screen for HSV PCR test
need would save the United States $127,000,000 (range, $95 million to $158 million
[2011 dollars]) per year.

Sensitivity analyses. We performed multiple one-way sensitivity analyses to test
the impact of parameter uncertainty. The probability of an HSV CNS infection in a
person with normal CSF WBC and protein levels, and therefore not tested by the criteria
to screen for HSV PCR test need, represents the most influential factor on the incre-
mental cost-effectiveness ratio (ICER). The ICER represents the incremental cost (in US
dollars) to incremental benefit (QALY gained) ratio of money spent on a strategy to
perform HSV PCR in all patients compared to a strategy to screen for HSV PCR need. The
indifference point between the two strategies with an ICER of $100,000/QALY, a
commonly used threshold in cost-effectiveness studies, occurred at a probability of HSV
infection with normal CSF WBC and CSF protein levels of 0.005 (Fig. 1). Therefore, the
adoption of the criteria to screen for HSV PCR need represents a cost-effective alter-
native to the routine performance of HSV PCR if fewer than 1 in 200 eligible patients
with normal CSF WBC and protein levels have HSV infection.

In two-way sensitivity analyses, we varied the probability of HSV CNS infection
with normal CSF WBC and protein levels along with a second parameter. Variation
in HSV PCR test cost from $220 to $450 had a modest effect on the indifference
point between the two strategies (Fig. 2A). Likewise, variation in the probability of
encephalitis in patients with a positive HSV PCR from 0.12 to 0.3 demonstrated
model stability around the baseline estimates (Fig. 2B). Model stability was assessed
by the observation that the proportions in the Fig. 2 graphs dedicated to either
strategy remained relatively stable. For these analyses, we used a willingness-to-pay
threshold of $100,000/QALY.

Tests of the model robustness to random variables showed that criteria for
screening CSF for HSV PCR test need represented a cost-effective strategy in 98.7%
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of the Monte Carlo simulations. This estimate employs a $100,000/QALY threshold.
Variations from $50,000 to $100,000 per QALY did not substantially change the
estimate (Fig. 3).

DISCUSSION

Several studies have proposed laboratory screening criteria for CSF to determine the
need for HSV PCR, but no analyses have compared the costs and benefits of adopting
this approach. Compared to an approach testing all patients with suspicion of HSV in
CSF, an approach selectively testing eligible patients with either abnormal CSF WBC or
protein levels is cost-effective in our model if the probability of deferring a case of HSV
encephalitis from empirical treatment and testing is lower than 1 in 200. Consistent
with prior literature, patients eligible for the selective approach were defined as older
than 2 years and without either HIV (any CD4 count) or solid organ transplant. These
conclusions were generally unchanged by variations in the test cost, prevalence of HSV
infection, and/or other input parameters in our model. Our results are particularly
important given the current emphasis on value-based health care, because they
suggest that the adoption of a screening protocol for HSV PCR CSF tests will have a
minimal impact on patient care and will substantially decrease costs.

An estimation of the probability of HSV encephalitis in an eligible patient with
normal CSF WBC and CSF protein levels can be inferred by interpreting our result in the
context of the literature. The first paper to propose screening criteria found no
exceptions to the screening criteria in 716 specimens, and a follow-up study found a
similar result in 2,606 specimens (5, 6). Two other studies found no exceptions in 1,518
and 268 completed tests (7, 8). These papers did not specify the proportion of all HSV
tests ordered for eligible patients, which totaled 88% at Yale. After the adjustment and
combined with our results, 10,790 patients have undergone testing with the screening
criteria. At a cost-efficacy cutoff of 1 in 200, more than 50 (10,790/200) missed cases of
HSV infection would need to have occurred to make the rule equivalent, but the
authors reported no cases of HSV infection excluded from testing by the rule. This
suggests that adoption of HSV PCR test criteria represents a cost-effective approach.

The VHA and Yale have quite different patient populations, which we observed on
chart review and reflect on in the study analysis. Compared to Yale, the VHA has a
predominately male population with a higher incidence of HIV. HIV is an automatic
exemption from test screening, which lowers the comparative benefit of screening over
not screening. This is seen in the exclusion rate at the VHA compared to that at Yale
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FIG 1 One-way sensitivity analysis. As the probability of HSV infection in a patient with normal CSF WBC
and protein levels increases, the criteria for screening for HSV PCR become less reliable. A less reliable
screen for HSV PCR decreases the incremental cost-effectiveness ratio (ICER). The ICER declines because
fewer dollars are required by the intervention (i.e., HSV PCR of all patients) to gain one quality-adjusted
life year (QALY) relative to the strategy to screen for HSV PCR.
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(18% versus 12%, respectively). Females have a higher incidence of meningitis infection.
In our review of the positive tests, we noticed a higher proportion of patients with
encephalitis (compared to those with meningitis) in the male-predominant population
at the VHA than at Yale (21% versus 12%, respectively) (see Fig. S3 in the supplemental
material). An older average age of a patient with encephalitis would favor the strategy
to screen for HSV PCR test need, since the model estimates disability costs from missed
cases of encephalitis by age, although this factor appears relatively stable between our
data and those from historical studies. Consequently, some patient populations (i.e.,
low incidence of HIV, female, older average age of encephalitis patients) may benefit
slightly more than others by adoption of the screening criteria.

Cost-effectiveness represents one of many factors to consider when deciding to
implement laboratory screening criteria for HSV testing of CSF. Institutional priorities,
available diagnostic technology, and a relationship between ordering clinician and the
performing laboratory also influence the criteria adoption decision. Clinicians may feel
more comfortable endorsing an HSV CSF screening policy if they retain the right to opt
out of the algorithm, particularly for severe cases near the eligibility cutoff criteria. Such
cases may involve patients near 2 years of age or with alternative reasons for immu-
nosuppression, such as bone marrow transplant, autoimmune disease, or undiagnosed
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FIG 2 Two-way sensitivity analysis. (A and B) x- and y-axis parameters were varied over a range. For a
given (x, y) point on the graph, the values of the two parameters listed on the two axes were used as
inputs to compare using a strategy for screening for HSV PCR and not using a screening strategy. The
shading indicates the most cost-effective strategy at a given (x, y) point. A standard value for the
willingness to pay, $100,000/QALY, was used.
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HIV infection. Although undiagnosed HIV infection represents a concern, one large
study found no cases of newly diagnosed HIV in patients eligible for the criteria (10).
Test manufacturers and laboratories that perform the HSV test often receive direct or
indirect compensation on a per-test basis, which may introduce a conflict of interest
when deciding to implement the criteria, because the criteria will likely reduce test
volume.

Adopters of the criteria will likely prefer an implementation approach that maxi-
mizes the role of available technology and minimizes time-consuming human review.
We recommend the creation of a new order set for a CSF profile (i.e., obtain protein
level and WBC count) with reflex to HSV PCR. (This order set would complement the
existing order for HSV PCR without the reflex criteria.) As a comment in the new order
set, clearly explain the indications for the order: (1) age of �2 years, (2) no HIV infection,
and (3) no transplant-related immunosuppression. The comment should include rele-
vant references (5–10). The clinical laboratory can build this new order as a “reflex test,”
a test selectively performed based on the result of other tests. Most clinical laboratories
likely already perform reflex tests, such as a manual differential, in response to an
abnormality in an automated differential. In this way, an abnormality in the CSF WBC
(�5 cells/mm3) or protein (�50 mg/dl) levels would trigger the performance of the HSV
PCR test. Clinicians would remain responsible for the discontinuation of acyclovir
treatment. Overall, the approach allows clinicians to opt out under special circum-
stances, allows administration to track adoption by order frequency, and allows the
laboratory to avoid chart review.

As with all modeling studies, our model has limitations, because it attempts to
overcome incomplete information by relying on the assumptions of the authors and
their interpretation of the available literature. For example, we did not consider ACV
treatment to modify the outcomes of HSV meningitis (11, 15). Information about the
false-positive and false-negative results of the HSV PCR test was insufficient to incor-
porate into the model and we had to estimate long-term costs by synthesizing multiple
sources of information. A randomized controlled trial would provide a more definitive
answer, but HSV CNS infections are rare and sporadic, making the cost of such a trial
prohibitive. The estimates derived from Yale and the VHA series may not apply in other
health care settings. Nevertheless, our results were quite robust in sensitivity analyses,
indicating that implementing these screening criteria would lead to substantial cost
savings.
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FIG 3 Probabilistic sensitivity analysis. At a given willingness to pay, the parameters listed in Table 1 were
iteratively drawn from random distributions (i.e., beta distributions for probability parameters and utility
estimates). For each iteration, the two strategies were compared to determine the most cost-effective
strategy given the randomly drawn parameter values. For each strategy, the proportion of each iteration
representing the most cost-effective strategy at a given willingness to pay is graphed.
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In conclusion, we believe that criteria for screening CSF for HSV PCR test need
represents a cost-effective and safe intervention based on the experiences of the
institutions reviewed and framed in the context of the present literature. Future
research on the implementation of screening criteria for this test would further our
ability to cost-effectively work up CNS infections.

MATERIALS AND METHODS
To assess the adoption of criteria for screening HSV PCR, we built a decision analysis model and

evaluated the model’s conclusions under multiple scenarios. First, we compared the presence and the
absence of criteria to screen for HSV PCR test need using the best available estimates for the model
parameters. Second, we varied an important parameter, the probability of HSV infection in a patient with
normal CSF WBC and protein levels (�5 cells/mm3 and �50 mg/dl, respectively) (8) and reassessed the
model’s conclusions. Third, we performed two-way sensitivity analyses. These analyses also varied
the probability of HSV infection in a patient with normal CSF WBC and protein levels. In addition, one of
the two-way analyses varied the cost of the HSV PCR test, while another varied the proportion of HSV
PCR-positive patients with encephalitis. Fourth, we performed a probabilistic sensitivity analysis to
evaluate the robustness of the model’s conclusion to variation in many model parameters.

Decision analysis model. We performed a cost-effectiveness analysis from the societal perspective
over a lifetime horizon according to the Panel on Cost-Effectiveness in Health and Medicine recommen-
dations (16). We developed a decision analysis model (Fig. 4) to compare the addition of HSV screening
criteria with the current standard of routine HSV PCR. In the base-case scenario, the hypothetical patients
had a clinical suspicion for HSV CNS infection evidenced by an order for HSV PCR from CSF. Eligible
patients had an age of 50 years and neither HIV infection nor a solid organ transplant (i.e., heart, liver,
or kidney) (17). The patients also received empirical ACV treatment and tests for CSF WBC and protein
levels, in accordance with standard of care.

We considered two strategies for HSV PCR testing, depending on the levels of CSF WBC and protein.
In the first strategy, all patients received HSV PCR testing. In the second strategy, patients who had
normal tests for CSF WBC and protein levels did not undergo HSV PCR testing and stopped ACV

FIG 4 Decision tree for evaluating the cost-effectiveness of herpes simplex virus (HSV) PCR testing strategies. Patients entering the decision tree
have an age greater than 2 years and neither HIV nor solid organ transplant (i.e., heart, liver, or kidney). Components 1, 2, and 3 flow together
in sequential order. Square nodes represent decisions, while circular nodes represent probabilistic events.
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treatment immediately when these test results become available. Only patients who had abnormal CSF
tests would receive HSV PCR testing. The HSV PCR result determined ACV therapy. A positive HSV PCR
led to continuation of ACV therapy, and a negative HSV PCR led to discontinuation of ACV.

These two strategies used a similar decision analysis model after the application of the criteria
to screen for HSV PCR need. Patients with a positive HSV PCR had either meningitis or encephalitis.
HSV meningitis patients were given a similar treatment and prognosis, whether with or without
diagnostic confirmation by HSV PCR (11, 15). Treatment for HSV encephalitis consisted of 21 days of
intravenous ACV.

Probabilities. The probability estimates in the model were derived from published literature and
institutional experience (Table 1). Parameter estimates originated from 1,227 HSV PCR CSF tests per-
formed at Yale-New Haven Health System (Yale) and 6,357 HSV PCR CSF tests performed by the Veterans
Health Administration (VHA) (10). This cohort represents the largest case series on criteria for screening
HSV PCR in the present literature. The tests from Yale spanned from February 2010 to July 2012, and the
tests from the VHA spanned from January 2000 to June 2013. The parameter estimates come from only
those eligible for the study (age � 2 years, no history of HIV or heart, lung, or liver transplant), which we
determined through chart review of all HSV PCR-positive cases. To determine eligibility among HSV
PCR-negative cases, we randomly reviewed 300 patients at Yale and 400 patients at the VHA who were
tested by HSV PCR. From this sample, we estimated that 88% (1,080/1,227) of patients from Yale and 82%
(5,213/6,357) of patients from the VHA were eligible. The Yale University and West Haven Veterans Affairs
Medical Center institutional review boards approved this study.

Consistent with case series in the published literature, our case series found no patients with HSV CNS
infection and a normal CSF test (10). We observed an HSV PCR-positive rate of 2.0% in eligible patients
(see Fig. S1 in the supplemental material). The criteria for screening for HSV PCR need deferred 44.8% of
cases due to normal CSF WBC and protein levels (see Fig. S2 in the supplemental material). Patients with
a positive HSV PCR had encephalitis listed as their discharge diagnosis in 18.9% of cases (see Fig. S3 in
the supplemental material). Otherwise, we assumed that patients with a positive HSV PCR had menin-
gitis. The presence of abnormal CSF WBC or protein levels did not change the probability of encephalitis
in patients with a positive HSV PCR (10). We excluded estimates from literature sources when they
included ineligible patients, such as infants or organ transplant recipients.

For the probabilistic sensitivity analysis, we altered the probability (given normal CSF tests) of HSV
CNS infection because we could not model with a value of zero for the beta distribution. Instead, we
chose 0.0013 (7/5,213) based on cases from the VHA of positive HSV PCR with normal CSF tests. These
seven patients received neither a clinical diagnosis of HSV nor treatment with ACV.

We interpreted the available literature to determine the probability of various outcomes of HSV
infection. Neurological outcomes of HSV infection included normal, mild, moderate, severe, and death.
Raschilas et al. reported outcomes for patients with HSV encephalitis who received ACV (18). The
Collaborative Antiviral Study Group reported outcomes for patients with HSV encephalitis who did not
receive ACV (19). Omland et al. reported that 80% of patients with HSV meningitis returned to a normal
state, and 20% had minor sequelae. This led us to assume that ACV did not alter the outcomes of HSV
meningitis (20). Tebas et al. reported the outcomes for patients with a negative HSV PCR (21).

Quality-adjusted life expectancy. We calculated quality-adjusted life expectancies based on esti-
mates of mean life expectancy, declines in quality-of-life weights with age, and preference weights
dependent on neurologic outcome (22). Our hypothetical patient had an age of 50 years, based on
published literature (17) and institutional experience, with a mean life expectancy of 31.0 additional years
(23). We estimated differences in quality-adjusted life expectancies between the two strategies as
quality-adjusted life-years (QALYs) gained. Quality-adjusted life weights were derived from prior litera-
ture (24, 25). We assumed that patients with severe neurologic outcomes would die prematurely, with
a 5-year survival rate of 31.2% (26).

Costs. We incorporated the costs of HSV-related tests, treatment, and outcomes (Table 1). Costs were
adjusted in 2011 U.S. dollars. Using a cost-to-charge ratio of 0.75, the HSV PCR test cost $330. ACV costs
$260 per day for a body weight of 80 kg and 3 doses per day at 10 mg/kg of body weight per dose (27,
28). We assumed that clinicians had the HSV PCR result within 1 day; therefore, ACV was given for 1 day
if HSV PCR was negative. Hospitalization for viral meningitis cost $8,170 (29). Hospitalization for
encephalitis averaged $54,210 and varied based on the neurologic outcome (1, 2). We derived the cost
estimates for HSV encephalitis disability from La Crosse virus encephalitis disability costs (30). End-of-life
care costs $39,640 (31). Costs and outcomes of HSV infection had a 3% discount rate (range, 0% to 7%),
applied following the recommendations of the Panel on Cost-Effectiveness in Health and Medicine (16).

Analyses. We evaluated our models and performed sensitivity analyses with a commercial software
package (TreeAge Pro, Williamstown, MA). Unless explicitly set as part of the sensitivity analysis, we used
the range around point estimates presented in Table 1. The two-way sensitivity analyses used a
willingness to pay of $100,000 per QALY (32). Willingness to pay represents the maximum amount of
money to be paid per QALY, which facilities a comparison of the costs and benefits of either strategy by
the model. The choice of distributions for the probabilistic sensitivity analyses followed the statistical
framework suggested by previous literature using beta distributions for probability parameters and
utility estimates, log-normal distribution for relative risk, and gamma distributions for the cost param-
eters (33).

We sought to extrapolate the difference in costs between the two strategies to the population of the
United States. A 9-year review of encephalitis-associated hospitalizations listed HSV as one of the most
common known pathogens, which accounted for 2,100 annual hospitalizations (2). We estimate that
18.9% of positive HSV PCR tests occur in encephalitis patients, 2% of HSV PCR tests have a positive result,
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TABLE 1 Probabilities, costs, and ranges for cost-effectiveness analysis

Variable Baseline (range)
Reference
or source

Probability estimates
Positive HSV PCR 0.020 (0.014–0.027) Fig. S1
Normal CSF WBC and protein levels 0.448 (0.324–0.578) Fig. S2
Positive HSV PCR, given normal CSF WBC and

protein levels
0 (0–0.01)a 5–10

Encephalitis, given positive HSV PCR 0.189 (0.115–0.295) Fig. S3
Outcome probabilities of patients 18

HSV encephalitis with acyclovir
Normal 0.14 (0.06–0.25)
Mild 0.23 (0.15–0.32)
Moderate 0.28 (0.22–0.34)
Severe 0.2 (0.16–0.23)
Death 0.15

HSV encephalitis without acyclovir 19
Normal 0.057 (0.048–0.067)
Mild 0.093 (0.084–0.102)
Moderate 0.05 (0.042–0.059)
Severe 0.100 (0.037–0.190)
Death 0.7

HSV meningitis, with or without acyclovir 20
Normal 0.8 (0.69–0.89)
Mild 0.2
Moderate 0
Severe 0
Death 0

No HSV infection 21
Normal 0.155 (0.072–0.264)
Mild 0.255 (0.176–0.340)
Moderate 0.19 (0.135–0.250)
Severe 0.21 (0.171–0.249)
Death 0.19

Life expectancy with severe sequelae (yr) 3.8 18
Life expectancy otherwise (yr) 31 16

Utility estimates
Utility preference by age 22

50 yr 0.854
60 yr 0.829
70 yr 0.811
80 yr 0.755

Utility preference by neurological status 25
Normal 1
Mild 0.82 (0.60–0.97)
Moderate 0.52 (0.33–0.71)
Severe 0.16 (0.02–0.39)
Death 0

Cost (2011 dollars)
Test, CSF HSV PCR 330 (220–450)
Acyclovir therapy, 30 mg/kg/day intravenously 260 (150–400) 27, 28
Hospitalization, viral meningitis 8,170 (5,200–11,000) 29
Hospitalization, viral encephalitis 54,210 1, 2

Normal 33,920 (24,750–44,420) 30
Mild 33,920 (24,750–44,420)
Moderate 43,630 (34,360–51,200)
Severe 100,420 (90,900–110,430)
Death 100,420 (90,900–110,430)

Cost to care for disability, annual 30
Normal 2,790 (2,070–3,630)
Mild 2,790 (2,070–3,630)
Moderate 5,650 (4,530–6,870)
Severe 14,330 (7,740–23,220)

Cost for end-of-life care 39,640 (30,500–49,950) 31
Discount rate, utility and cost 0.03 (0, 0.07)b

aThis value was 0.0013 (0.0001 to 0.0039) in probability sensitivity analysis.
bOne-way sensitivity only.
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and 85% of tested patients meet the eligibility requirements of the criteria for screening for HSV PCR test
need. Thus, an estimated 555,000 tests occur in the United States each year (�25%; 417,000 to 694,000).
To estimate the total cost savings, we multiplied the dollars saved per person referred for HSV PCR by
the number of tests performed annually.
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