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Abstract With limited financial resources available, it is now becomingmore acceptable
to evaluate medical innovations in terms of incremental economic value. The
purpose of this paper is to provide an overview of enteroviral meningitis and to
summarise the economic literature to identify relevant costs and outcomes.
Enteroviral meningitis is the most common cause of aseptic meningitis, and

occurs in 4.5 to 30 per 100 000 population annually with a duration of illness
lasting between 1 and 2weeks after onset of initial symptoms. Themajor resource
categories that contribute to the overall direct costs of management of enteroviral
meningitis include physician visits, hospital admissions, emergency room visits,
medications, procedures such as lumbar puncture and computed tomography scans,
re-hospitalisations and follow-up physician visits. Indirect costs are incurred in
terms of school or work days missed or restrictions in daily activities. The total
direct costs of an episode of enteroviral meningitis range from $US450 for out-
patients to $US5093 for inpatient management (1996 values). The total indirect
costs of an episode of enteroviral meningitis are estimated to be equivalent to 5
to 7 activity-restricted days.
Interventions that improve early diagnosis or decrease the duration and need

for hospitalisation will significantly affect the cost of managing enteroviral men-
ingitis. Additional prospective studies are needed to study the impact of interven-
tions on the burden of enteroviral meningitis.
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As part of routine clinical practice, outcomes are
assessed as an indicator of success. More recently,
with the rising expenditures of medical care, atten-
tion is being paid to the costs of providing such
care. With limited financial resources available, it
is now becoming more acceptable to evaluate med-
ical innovations in terms of incremental economic
value.
It has long been argued that cost-of-illness studies

should be used routinely as a mechanism to iden-

tify research agenda and allocate funding for med-
ical innovation in areas that require greatest atten-
tion. However, in doing so, diseases causing signif-
icant morbidity, but minimal mortality, that occur
in small groups of people may often be neglected.
Enteroviral meningitis is one such example.
The purpose of this paper is to provide an over-

view of enteroviral meningitis and to summarise
the economic literature to identify relevant costs
and outcomes.



1. Enteroviral Meningitis

1.1 Clinical Presentation and Diagnosis

Enteroviral meningitis, the most common cause
of aseptic meningitis, is described as an ‘inflamma-
tory disorder involving the leptomeninges without
evidence of a bacterial or fungal aetiology’ and us-
ually with no evidence of parenchymal involve-
ment.[1] The syndrome often presents with fever,
headache and meningeal irritation. In older chil-
dren, adolescents and adults the clinical findings
may include malaise, myalgia, photophobia, nau-
sea and emesis. Mild lethargy and drowsiness may
also be present. Signs of meningeal irritation (nu-
chal rigidity, Kernig’s and Brudzinski’s signs) are
generally mild. In infants and younger children, the
clinical presentationmay be subtle and consist only
of fever, irritability, lethargy and poor feeding.
In diagnosing enteroviral meningitis, an exam-

ination of the CSF typically reveals a mild to mod-
erate pleocytosis that initially may exhibit a poly-
morphonuclear cell predominance. In later stages
of the infection, a shift toward a mononuclear cell
predominance is found. The CSF protein level is,
generally, mildly to moderately increased, and the
CSF glucose level is almost always normal.
In addition to these routine studies, CSF and

blood cultures should be obtained to rule out bac-
terial (including tuberculosis) and fungal infections
and expedite identification of viral involvement.[2,3]
Although clinical presentation alone may be used
to establish the diagnosis of herpes simplex virus
(HSV), polymerase chain reaction (PCR) detection
of HSV and enterovirus, where available, may be
performed for rapid diagnosis that permits earlier
therapeutic intervention if necessary.

1.2 Management

The primary form of management of enteroviral
meningitis should be prevention via childhood im-
munisation against polio and mumps virus. This
section addresses current management of patients
with suspected CNS infection.
In the majority of patients, infants and children

in particular, in whom CNS infection is suspected,

hospitalisation is required while awaiting diagnos-
tic test results and initiating empirical antimicrobi-
als. In addition to supportive care such as analge-
sics/antipyretics for control of pain and fever, and
intravenous fluids for dehydration, many physicians
choose to initiate empirical antimicrobial therapy
in the event that the patient has a bacterial infec-
tion. Typically, ceftriaxone or cefotaxime is used
while awaiting results of bacterial cultures of the
CSF, blood and urine.[4] A computed tomography
(CT) scan or magnetic resonance image (MRI) of the
brain may be ordered to rule out abscess or lesion.
Additionally, in suspected cases of HSV CNS in-
fection, intravenous aciclovir (acyclovir) is admin-
istered. Given the significant morbidity and mor-
tality associated with HSV encephalitis, if HSV is
a strong clinical possibility, aciclovir should be con-
tinued regardless of a negative viral culture.1 Ad-
ditionally, diagnostic modalities such as MRI or
PCR should be pursued to exclude the diagnosis.
If the patient is clinically well and the results of

the bacterial culture are negative at 48 to 72 hours,
empirical antibacterial therapy is discontinued, and
the patient is discharged with a scheduled follow-
up office visit. Full recovery of the patient takes
approximately 1 to 2 weeks from the initial onset
of symptoms.

1.3 Incidence and Epidemiology of
Enteroviral CNS Infections

The overall incidence of aseptic meningitis based
on hospitalised cases is in the order of 4.5 to 30 per
100 000 population per annum.[5,6] However, model-
based studies suggest that the incidence, including
nonhospitalised cases, could be as high as 2 million
per year in the US.[7] Typically, aseptic meningitis

1 In the US, the incidence of neonatal HSV has been
reported to range from 1 per 3000 to 20 000 live births. HSV1
accounts for approximately 25% of cases whereas HSV2
comprises the remaining 75%. In adults, HSV2 meningitis
associated with primary genital infection does occur and is
generally not treated. Multiple studies have documented the
importance of early and aggressive (i.e. parenteral therapy)
for encephalitis secondary to HSV. Typically, treatment of
HSV encephalitis and the majority of cases of meningitis in
children is initiated with aciclovir.
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has a tri-modal distribution, with the largest number
of cases occurring in neonates, followed by chil-
dren under the age of 10 years, and by individuals
between the ages of 30 and 40 years. However, the
incidence of meningitis and encephalitis infections
is influenced by a number of factors, which are
discussed in more detail in the following section.

1.3.1 Influence of Immunisation Practices and
Regional Variation
Although evident only through long term stud-

ies, factors such as climate and immunisation prac-
tices result in significant variations in the incidence
and epidemiology of enteroviral CNS infections.
Additionally, even within a given country, there are

Table I. Aetiology of aseptic meningitis and encephalitis by country

Causative organism Proportion of cases (%)
US
(1950-1981)[11]

South Africa
(1981-1984)[12]

South Africa
(1981-1989)[13]

Great Britain
(1978-1982)[14]

Finland
(1980)[15]

Finland
(1966-1980)[16]

Finland
(1973-1977)[17]

Aseptic meningitis
Enterovirus (total) 66.7 75 91 52.3 33 39.2 Not studied
coxsackieviruses 12.1 12 15 11.8 24 39.2
echoviruses 9.1 63 52 40.5 9 0
unclassified 45.5 0 24 0 0 0

Mumps virus 21.2 25 9 21 27 0
Varicella zoster virus 0 0 0 2.8 3 4.2
Cytomegalovirus 0 0 0 0 2 0
Herpes simplex virus 3 0 0 8.5 0 0
Adenovirus 0 0 0 33.7 2 4.2
Measles 0 0 0 2.9 0 2.2
Arboviruses 9.1 0 0 0 0 0
Influenza virus 0 0 0 17.7 0 0
Mycoplasma pneumoniae 0 0 0 2.2 0 0
Influenza 0 0 0 0 0 0
Other 0 0 0 5.3 0 0
Unknown 0 0 0 0 33 50

Encephalitis
Mumps virus 20.7 Not studied Not studied Not studied 44 67.7 8.4
Enterovirus (total) 17.2 0 1.5 2.1
coxsackieviruses 6.9 0 0 0
echoviruses 6.9 0 1.5 0
unclassified 3.4 0 0 2.1

Varicella zoster virus 0 0 0 25.3
Cytomegalovirus 0 0 0 0
Herpes simplex virus 13.8 11 1.5 7.4
Adenovirus 0 0 4.4 2.1
Arboviruses 41.5 11 0 0
Mycoplasma pneumoniae 0 11 0 1
Influenza virus 3.4 0 2.9 3.2
Measles 0 0 1.5 4.2
Rubella 3.4 0 0 2.1
Parainfluenza 0 0 0 2.1
Respiratory syncytial virus 0 0 0 1
Other 0 0 0 1
Unknown 0 22 19.1 1
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regional variations in the incidence and causality
of enteroviral CNS infections. For example, a study
of aseptic meningoencephalitis in Israel documented
a nearly 2-fold variation in the incidence among
different regions studied over a 2-year period.[8] In
1 year alone, the incidence of regionally reported
cases of enteroviral meningitis in the US varied
nearly 20-fold.[5,6,9] In the absence of a widely dis-
tributed reporting network, such variations lead to
an inaccurate estimate of true incidence and aetiol-
ogy of disease.[10]
The impact of immunisation practices on the ep-

idemiology and incidence of CNS viral infections
is clearly evident for mumps virus and poliovirus.
Amore descriptive breakdown of causative agents
by country reporting aseptic meningitis is presen-
ted in table I. In countries where active vaccine
prevention programmes for viral agents exist, the
incidence of meningitis due to enteroviral causes
have fallen dramatically. For example, following
the introduction of the polio vaccine, no cases of
poliovirus-associated meningitis were identified in
Finland.[17] Coincident with the decreasing incidence
of poliovirus, the nonpolio enteroviruses (coxsackie-
viruses groups Aand B, echoviruses and numbered
enteroviruses) became the primary causes of entero-
viral meningitis, increasing from 12 to 46% world-
wide. Today, on the eve of the realisation of the goal
of global eradication, in the overwhelming major-
ity of the world poliovirus rarely accounts for cases
of enteroviral meningitis or myelitis. However, in
regions where eradication of poliovirus has not yet

occurred, these agents may continue to contribute
significantly.

1.3.2 Influence of Diagnosis and Reporting
Diagnostic techniques to identify enteroviral ag-

ents in clinical specimens are continually evolving.
Pre-molecular era reports of the incidence and ep-
idemiology of enteroviral CNS infections are limited
by the traditional diagnostic modalities of entero-
viral culture and serology. Viral culture is signifi-
cantly less sensitive than newer molecular-based
diagnostic assays such as PCR (and enterovirus-
PCR) for the diagnosis of enteroviral and herpes
simplex infections of the CNS.[2,3,18] Therefore, con-
clusions regarding the epidemiology and incidence
of CNS enteroviral infections that are based on older
methodologies may lead to an underestimation of
their true values.[18]

1.3.3 Influence of Seasonal Variation
Although aseptic meningitis occurs sporadically

throughout the year, its incidence peaks during the
summer and early autumn (fall) months in the Nor-
thern Hemisphere.[19] Seasonal outbreaks of asep-
tic meningitis are also reported in Japan and Aus-
tralia.[20,21]

Table II. Procedures reported after hospital admission for enterovi-
ral meningitis (reproduced from Parasuraman et al.,[22] with permis-
sion)

Procedure Frequency (%)a

Lumbar puncture 71.8
Computed tomography scan of the head 11.5
Magnetic resonance imaging of the brain 3.0
Antibacterial injection 2.5
Electroencephalogram 2.1
Electrocardiograph monitoring 1.0
Diagnostic ultrasound – heart 1.0
a Procedures were truncated at a frequency of less than 1%.

Table III. Major resource categories used during treatment for
enteroviral meningitis (reproduced from Parasuraman et al.,[22] with
permission)

Resource Description
Physician visit A patient’s visit to a physician’s office or

clinic
ER visit Admission to ER for suspected enteroviral

meningitis
Hospital admission Admission to hospital for suspected

enteroviral meningitis
Medication Intramuscular or intravenous aciclovir

(acyclovir)
Procedure Includes lumbar puncture, computed

tomography scan of the head, magnetic
resonance imaging of the brain, injection
of antibacterial, electroencephalogram
and other procedures performed at the
physician’s office, ER or hospital

Re-hospitalisation Re-admission of a patient to the hospital
Follow-up physician
visits

Visit of a patient to the physician’s office
after an initial office visit, ER visit or
hospitalisation due to enteroviral
meningitis

ER = emergency room.
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2. Costs

2.1 Direct Costs

The direct costs of medical management of en-
teroviral meningitis are consequent to resource util-
isation for symptom alleviation. Themajor resources
that contribute to the overall direct cost of manage-
ment of enteroviral meningitis include physician
visits, hospital admissions, emergency room (ER)
visits, medications, procedures such as lumbar punc-
ture and CT scans, re-hospitalisations and follow-
up physician visits.[22] Depending on the clinical
presentation, the patient may be sent home on sup-
portive medications from the point of initial pre-
sentation (a physician’s office, ER or hospital) or
be referred to the ER and/or admitted to a hospital
for further evaluation and care.
The monetary valuation of the resources is de-

pendent on the accounting system used. In addi-
tion, the calculations of the direct costs are also
influenced by the perspective of the analysis. For
example, the direct ‘costs’ to a payer reflect the
‘charges’ (or costs plus profits or losses) by the in-
stitution providing care. A listing of the most com-
mon procedures performed is provided in table II.
A listing of typical resource categories during the
management of enteroviral meningitis is provided
in table III.Abreakdownof estimated costs by course
of management of enteroviral meningitis is pro-
vided in table IV.
A Medline search was conducted for the years

1985 to 2000, using the key words ‘viral or aseptic
meningitis’and ‘cost or economic or resource use’.
A total of 24 citations were returned, of which 5
studies presented cost data and were pertinent to
this review. In addition, we reviewed 2 additional
relevant articles obtained through cross-references,
and knowledge of recent submissions. A brief re-
view of the relevant papers is presented in table V.
In the studies by Rice et al.,[5] Marshall et al.,[25]
Wall et al.,[27] Elmore et al.[26] andWaisman et al.,[28]
the cost estimates were based on patient discharges
with a diagnosis of enteroviral meningitis. Thereby,
the valuation is essentially a reflection of hospital-
isation costs.[5,22,27,29] A more comprehensive val-

uation has been reported using a decision model.[30]
However, the decision-analysis model utilised mul-
tiple sources of data in the cost estimation process
in order to account for the entire course of manage-
ment (i.e. physician office, ER or hospital). This
utilisation of multiple sources for cost estimation
may lead to a larger variation in the valuation of
the resources because of the use of different cost
accounting systems.
Rice et al.[5] reviewed all cases (n = 440) of aseptic

meningitis reported to the Rhode Island Depart-
ment of Health during the outbreak of 1991 (May
to October). However, they were able to obtain the
billing records for inpatient and outpatient man-

Table IV.Valuation by age group of major resource categories used
during treatment for enteroviral meningitis (reproduced from Para-
suraman et al.,[23] with permission)

Resource categorya Cost ($US) [1996 values]
adult paediatric

EAB 79 79
ER, LP, HOSP, COMP 20 443 11 826
ER, LP, HOSP, UNCOMP 5 235 5 151
ER, LP, NOHOSP 974 724
ER, NOLP 505 931
INHOSPLP, HOSP, UNCOMP 4 245 4 639
INHOSPLP, NOHOSP 174 121
INHOSPLP, HOSP, COMP 10 363 10 916
INHOSPNOLP, HOSP, COMP 12 164 6 828
PNOLP, HOSP, UNCOMP 3 455 4 224
IVAb 141 or 424 141 or 424
MD 40 34
Readmit 12 200 12 200
Repeat MD 40 34
a The data represent the costs of patients undergoing different

levels of care. For instance ER, LP, HOSP, COMP repre-
sents the costs of patients admitted to the ER with entero-
viral meningitis, LP performed in the ER, patient requiring
hospitalisation with a complicated course of hospital stay.

b Estimated from the Drug Topics Red Book.[24] For ER, LP,
NOHOSP, cost of IVA = $US141; for all other nodes, cost of
IVA = $US424.

COMP = complicated hospital course; EAB = empirical antibac-
terial in physician’s office or ER (ceftriaxone 2g intramuscularly);
ER = emergency room; HOSP = hospital stay; INHOSPLP = LP
performed in hospital; INHOSPNOLP = LP not performed in hos-
pital; IVA = intravenous antibacterial in ER or hospital (intravenous
ceftriaxone 2g every 12 hours for 3 days); LP = lumbar puncture;
MD = physician office visit; NOHOSP = no hospital stay; NOLP =
lumbar puncture not performed; Readmit = readmission to hospi-
tal; UNCOMP = uncomplicated hospital course.
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agement for only 103 patients. Rice et al.[5] applied
institution-specific cost-to-charge ratios to compute
the cost of providing care. Patient ages ranged from
8weeks to 74 years (mean age 17 ± 13.7 years) with
55% (n = 224) of patients below 18 years of age.
The average hospital stay for all inpatient manage-
ment (n = 324) was 61 ± 34 hours. 35 patients were
not admitted and were provided with outpatient care.
Although not specifically stated by the authors, it
is assumed that choice of inpatient or outpatient
management was driven primarily by patient pre-
sentation. The average cost of inpatient management
during this outbreak was $US1757 ± $US198. This
was 3-fold higher than the $US450 ± $US63 cost
for outpatient management (1991 values).
Marshall et al.[25] followed all patients less than

18 months of age admitted to the hospital during
September and October of 1996 for ‘rule out sepsis’,
undifferentiated febrile illness or suspected menin-
gitis. They collected CSF and reviewed hospital
charts to obtain demographic, total hospital days,
afebrile days and hospital charges. They identified
18 of 51 patients with pleocytosis upon examina-
tion of the CSF and who were eligible for further
diagnosis of enteroviral meningitis by PCR. Mar-
shall et al.[25] reported 9 patients to be PCR positive
and 9 patients to be PCR negative for enterovirus.
The 18 patients had a combined hospital stay of
79 days for total charges of $US91 689 with mean
[± standard deviation (SD)] charges of $US5093 ±
$US3554 per patient. The PCR-positive patients
had mean (± SD) charges of $US4921 ± $US1674,
whereas PCR-negative patients had mean (± SD)
charges of $US5266 ± $4897 (1996 values).
Wall et al.[27] conducted a retrospective analysis

of the top 10 diagnoses for admission at their insti-
tution over the period of 1990 to 1994. Six diagno-
ses for which administrative data were available
were included for further analysis: asthma (n=1983),
bronchiolitis (n = 692), gastroenteritis (n = 733),
‘rule out sepsis’ (n = 1065), urinary tract infection
(n = 516) and enteroviral meningitis (n = 288). Pa-
tients were included in the analysis if they were
hospitalised over the time period and were less than
18 years of age. All patients were discharged either

Landscape Table V to go here

8 Parasuraman et al.

© Adis International Limited. All rights reserved. Pharmacoeconomics 2001; 19 (1)



8
P

arasuram
an et al.

©
 A

d
is In

te
rn

a
tio

n
a

l Lim
ite

d
. A

ll rig
h

ts re
se

rve
d

.
P

h
a

rm
a

c
o

e
c

o
n

o
m

ic
s 2001; 19 (1)

Table V. Review of published papers reporting resource use in enteroviral meningitis

Reference Study
design

Setting Methods No. of
patients

Age (y)
[mean ± SD]

Resources
identified

Resources
valued

Perspective
identified

Discounting Sensitivity
analysis

Mean cost per patient
($US) [year of costing]

Rice et al.[5] R, O H CA, PB 408 17 ± 13.7 No Yes I, Pr NA No Inpatients 1757 ± 198;
outpatients 450 ± 63
[1991]

Marshall et al.[25] P, O H CA, PB 53 0.19 ± 0.14 No Yes I, Py CPI No 5093 ± 3554 [1996]
Elmore et al.[26] R, O H CA, PB 168 NR No No No No No NR
Wall et al.[27] R, O H CA, PB 288 NR No Yes I, Py No No 2824 [1990]
Parasuraman et al.[22] R, O H CA, PB 30 087 NR Yes Yes I, Py No No 8292 ± 14 690 [1996]
Parasuraman et al.[23] DA, M PO, ER, H DM NA NA Yes Yes Yes, Py, S NA Yes Adults 4531 ± 150,

paediatric 4971 ± 111,
5-7 ARDs per
episode[1996]

Waisman et al.[28] R, O ER, H CS 158 4.7 ± 3.5 No No I, Pr NA No 875a [1999]

a Calculated as 3.5 days of hospitalisation × $US250 per day.
ARDs = activity-restricted days; CA = cost aggregation; CS = cost saving; CPI = Consumer Price Index deflation; DA = decision analysis; DM = decision model, modified Delphi,
Monte Carlo simulation; ER = emergency room; H = hospital; I = inferred, not stated; M = modelling; NA = not applicable; NR = not reported; O = observational; P = prospective;
PB = patient billings; PO = physician office; Pr = provider; Py = payer; R = retrospective; S = societal; SD = standard deviation.



by a paediatrician or a subspecialist. International
Classification of Diseases (ICD-9) codes were used
to classify patients and 2 physicians reviewed the
records to code the status of the admission as com-
plicated or noncomplicated. Wall et al.[27] reported
mean charges for hospital admissions with entero-
viral meningitis in 1990 US dollars to be $US2824,
with significantly greater charges for a complica-
ted admission as compared with noncomplicated
admission ($US4177 complicated vs $US2580 non-
complicated, p < 0.001). The Wall et al.[27] study
indicates that since the resource expenditures were
incurred at the same single institution, charges were
a reasonable proxy for the costs of providing care
at their institution. This report provides a compar-
ison of mean charges for enteroviral meningitis with
those for selected other hospital admissions during
the same time, including those for asthma ($US4899),
bronchiolitis ($US5763), gastroenteritis ($US3143),
‘rule out sepsis’ ($US2859) and urinary tract infec-
tion ($US4003). Thus, at this institution, a compli-
cated hospital admission for enteroviral meningitis
may be similar in charges to admissions for urinary
tract infection, asthma or bronchiolitis, whereas a
noncomplicated admission for enteroviral menin-
gitis may be similar in charges to those for ‘rule
out sepsis’ and gastroenteritis.
Elmore et al.[26] conducted a retrospective re-

view of 171 episodes (168 patients) over a 2-year
period. Medical records of patients with a diagno-
sis of meningitis or encephalitis in the emergency
department were evaluated, and in addition all hos-
pital discharges with an ICD-9 code that could pos-
sibly represent acute meningitis were also evalu-
ated. Patient records were then evaluated and those
with a CSF leucocyte count >5/106/L and a CSF
Gram stain negative for bacteria were further eval-
uated. The majority of patients (53%) were between
17 and 60 years of age, with 28% of patients less
than 6 years. Hospitalisation occurred in 70% of
the cases, with 83 patient episodes (49%) requiring
a CT scan or MRI of the brain. Empirical antibac-
terials were administered to 51% of patients, pre-
dominantly to the youngest age group (79% of those
<6 years). Elmore et al.[26] do not report the epi-

sodes in terms of costs or charges and therefore it
is difficult to compare the economic value of the
resources consumed with the other reports. How-
ever, the resource use patterns are comparable with
those in the other reports.
Waisman et al.[28] followed 158 patients aged 3

months to 18 years presenting to their institution
during the Israel outbreak between March and De-
cember 1993. All diagnoses of enteroviral menin-
gitis were confirmed by lumbar puncture. Of the
158 patients, 59 (37.3%) were discharged directly
from the ER. The presentation characteristics, hos-
pital stay and costs between these 2 groups were
compared. Younger patients were typically hospi-
talised (mean age 4.7 vs 5.7 years, p < 0.05), and
the hospitalisation rate was higher during the eve-
ning and night shifts compared with the day shift
(66.7 vs 51.5%, p < 0.05). Headache and excessive
vomiting were the most common symptoms repor-
ted in both groups; however, the incidence of both
symptoms were significantly higher in the hospi-
talised group (headache 85.7 vs 54.7%, excessive
vomiting 69.7 vs 38.2%). The hospitalised patients
also reported significantly greater irritability (8.1
vs 1.8%, p < 0.05). All other typical signs and symp-
toms were similar between the 2 groups, including
a mean presentation with illness of 1.5 days. Based
on themean duration of hospitalisation of 3.5 days,
cost for 1 day of hospitalisation of $US250, and
fixed cost of ER admission of $US105, Waisman
et al.[28] estimated a cost saving of $US145 per day
of early discharge from the hospital. Thus, during
the outbreak of 1993, Waisman et al.[28] estimated
a cost saving of $US51 625 to their centre for the
59 patients discharged from the ER (1993 values).
Parasuraman et al.[22] have separately reported

a secondary database analysis of all state discharges
for 3 populous states in the US, and an analysis
using the 1996 Pennsylvania Medicaid. This anal-
ysis describes patients discharged with a diagnosis
of enteroviral meningitis (ICD-9 code 047.xx). The
pooled analysis of over 30 000 patients indicates a
mean hospitalisation of 4 days and a mean charge
of $US8300 per admission (table VI). Valuation of
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major resource categories by age group from the
Medicaid data set is provided in table IV.

2.2 Indirect Costs

Indirect costs include nonmedical and intangi-
ble costs that are incurred as a result of the disease
or its treatment. These costs can be accounted as
‘time costs’ or costs incurred from the morbidity
caused by the disease. These typically include:
(i) costs related to the treatment that involve time
spent by the patient or family (e.g. travel costs);
(ii) costs associated with impaired ability to work
or do leisure activities due to morbidity; (iii) costs
associated with lost productivity due to death; and
(iv) costs associated with the decrement in quality
of life due to the illness. Since indirect costs in-
clude those costs that are beyond those ‘spent’ for
medical management, inclusion of this assessment
provides a comprehensive estimation of the eco-
nomic impact. Typically, indirect costs must be in-
cluded in any analysis that estimates the economic
impact from the societal perspective.[31] Although
it is more difficult to estimate indirect costs, several
different methods have been proposed for their val-
uation.[32]
We identified only one evaluation that estimated

indirect costs for enteroviral meningitis.[2] The es-
timation assigned the amount of time that patients
with the disease miss from school, work or leisure
activities in terms of activity-restricted days (ARDs).
Using a modified Delphi technique, participants (a
panel of 7 expert physicians) were asked to esti-
mate the average time patients with enteroviral me-
ningitis spend away from school, work or leisure

activities. The panel estimated that for each epi-
sode of enteroviral meningitis, patients incur 5 to
7 ARDs. No assessment of the quality-of-life im-
pact was made. Although not specifically reported,
onemethod to assign amonetary value to theARDs
would be to multiply the total estimated number of
ARDs by the median income reported for the year.
The costs of managing chronic adverse drug or

disease effects (such as neurological sequelae) and
death should be considered in calculating indirect
costs; however, the rarity of these events in entero-
viral meningitis preclude any meaningful estima-
tion of these costs and have not been reported in
the literature.

3. Outcomes

3.1 Neurological Sequelae and Death

Rare reports of neurological sequelae have been
reported in the literature, including paresis or pa-
ralysis, papilloedema and cranial nerve palsies, and
decreased receptive language functioning.[29,30,33-35]
However, recent reports on the long term sequelae
of enteroviral nonherpes meningitis, including sur-
veillance reports, are not supportive of these neu-
rological sequelae. Overall, nonherpes enteroviral
meningitis rarely results in death.

3.2 Hospitalisations

Overall, approximately one-third to half of the
patients presenting to a physician’s office or ER
with suspected enteroviral meningitis are hospital-
ised. The decision to hospitalise is driven by sev-
eral factors, including patient presentation, time of

Table VI. Mean length of stay and mean charges for hospital discharges due to enteroviral meningitis by data source (reproduced from
Parasuraman et al.,[22] with permission)

Source Numbera Mean (± SD) length of stay (days) Mean (± SD) charges ($US) [1996 values]
California 15 559 3.89 ± 4.72 8826.21 ± 17 341.50
Florida 9 382 4.19 ± 4.14 8177.56 ± 11 391.30
Illinois 5 146 3.95 ± 3.63 6887.37 ± 10 766.80
Pooledb 30 087 3.99 ± 4.37 8292.32 ± 14 690.38
a The numbers reflect specific International Classification of Diseases (ICD-9) codes for enteroviral meningitis (047.XX), which may not

reflect the true incidence of enteroviral meningitis in a typical healthcare system.
b Data for the 3 states were pooled to obtain summary information.
SD = standard deviation.
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presentation, age of patient and access to medical
care. In general, poor clinical presentation, eve-
ning or night presentation, younger age of patient
and limited access to medical centres are motiva-
tors for hospitalisation. In the case of children, it is
more common to hospitalise for observation and/or
to initiate empirical antimicrobial therapy.

4. Discussion

Management of enteroviral meningitis imposes
a sizeable economic burden both from the payer
and societal perspectives. Reports on the incidence
of enteroviral meningitis vary from approximately
30 000 hospitalised cases to over 2 million cases
of aseptic meningitis per year.[7,36] Using an es-
timate of 300 000 annual cases of aseptic meningi-
tis in the US, the cost impact would approximate
$US2 billion in direct costs alone.[30] Assuming 5
ARDs per episode, the additional economic burden
in terms of indirect costs to society would approx-
imate 1.5 million ARDs annually in the US. Utilis-
ing the median income of full-time workers in the
US as an estimate of the additional impact in terms
of lost productivity in the full-time employed
population, the productivity loss would range from
$US680 to $US910 per episode of enteroviral me-
ningitis.
The studies reviewed for this paper used dif-

ferent methodologies, designs and accounting sys-
tems, which makes it difficult to compare resource
use and costs across studies. However, it appears
that hospitalisations (and re-hospitalisations) are
the single largest cost drivers in the overall man-
agement of enteroviral meningitis. It appears that
there are primarily 2 drivers of the decision to hos-
pitalise patients who present for medical manage-
ment: (i) to rule out bacterial infection; and (ii) to
treat patient dehydration caused by excessive nau-
sea and/or vomiting. Interventions that are aimed
at faster detection of the (viral) cause, or reduce the
need for or duration of hospitalisation, will signif-
icantly impact the direct cost of management of the
episode. For instance, early detection of viral cause
has led to significantly fewer ancillary tests, shorter
duration of antibacterial use and shorter hospital

stay.[37] Interventions that reduce or mitigate the
course of the illness will contribute significantly to
patient well-being and impact indirect costs. Po-
tential direct medical cost savings from use of an
effective agent after hospital admission will stem
from reduction in severity and duration of symp-
toms and reduction in length of stay. Potential in-
direct medical cost savings will stem from reduc-
tions in time to return to work, school and normal
leisure activities.
Currently, there is no accepted treatment for non-

herpes enteroviral meningitis, other than support-
ive care and selective use of empirical antibacteri-
als until a bacterial aetiology has been excluded.
Several compounds are in various stages of devel-
opment for the management of enteroviral menin-
gitis.[38] Themost advanced agent in terms of clinical
development at this time is pleconaril.[39] Prelimi-
nary results suggest a clinical benefit in both chil-
dren and adults. Pleconaril was associated with a
38 to 50% improvement in symptoms in children,
with improvement noted as early as 24 hours after
initiation of therapy.[40] Similarly, pleconaril treat-
ment resulted in a 2-day reduction of meningitis
symptoms and an earlier return to work/school in
adults.[41] Although the economic and humanistic
impact of pleconaril has not been prospectively stu-
died, the availability of effective agents is likely to
influence medical management and, in turn, the bur-
den of enteroviral meningitis and the impact of in-
terventions on that burden.

5. Conclusions

Enteroviral meningitis causes significant patient
morbidity and economic burden. Interventions that
will improve early diagnosis or decrease the dura-
tion of illness and need for hospitalisation will sig-
nificantly impact the cost of managing enteroviral
meningitis. Additional prospective studies are need-
ed to document patient well-being and estimate the
indirect cost of enteroviral meningitis.

Acknowledgements

The authors would like to acknowledgeDrRonald J. Ellis
Jr for his suggestions on the document.

Enteroviral Meningitis 11

© Adis International Limited. All rights reserved. Pharmacoeconomics 2001; 19 (1)



References
1. Rubeiz H, Roos RP. Viral meningitis and encephalitis. Semin

Neurol 1992; 12 (3): 165-77
2. Atkins JT. HSV PCR for CNS infections: pearls and pitfalls.

Pediatr Infect Dis J 1999; 18 (9): 823-4
3. Romero JR. Reverse transcription-polymerase chain reaction

detection of the enteroviruses: overview and clinical utility in
pediatric enteroviral infections. Arch Pathol Lab Med 1999;
123 (12): 1161-9

4. Ewald GA, McKenzie CR. The Washington Manual of Medical
Therapeutics. 28th ed. Boston (MA): Little, Brown and Asso-
ciates, 1995: 305

5. Rice SK, Heinl RE, Thornton LL, et al. Clinical characteristics,
management strategies, and cost implications of a statewide
outbreak of enterovirus meningitis. Clin Infect Dis 1995; 20
(4): 931-7

6. Centers for Disease Control. Summary of notifiable diseases –
United States, 1991. MMWR Morb Mortal Wkly Rep 1991;
40 (45): 771-3

7. Tanel RE, Shaw-Yi K, Niemiec TM, et al. Prospective compar-
ison of culture vs. genome detection for diagnosis of entero-
viral meningitis in childhood. Arch Pediatr Adolesc Med 1996;
150: 919-24

8. Soffer D, Alter M, Kahana E, et al. Aseptic meningitis: fre-
quency among Israeli ethnic groups. J Neurol 1977; 214: 89-96

9. Centers for Disease Control. Aseptic meningitis – New York
State and the United States, weeks 1-36, 1991. MMWRMorb
Mortal Wkly Rep 1991; 40 (45): 733-5

10. Centers for Disease Control. Nonpolio enterovirus Surveillance
– United States, 1993-1996. MMWRMorb Mortal Wkly Rep
1997; 46: 748-50

11. Beghi E, Nicolosi A, Kurland LT, et al. Encephalitis and aseptic
meningitis, Olmsted County, Minnesota, 1950-1981: I. Epi-
demiology. Ann Neurol 1984; 16: 283-94

12. Donald PR, Burger PJ, BeckerWB. Paediatric meningitis in the
western Cape. A 3-year hospital-based prospective survey. S
Afr Med J 1986; 70: 391-5

13. McIntyre JP, Keen GA. Laboratory surveillance of viral menin-
gitis by examination of cerebrospinal fluid in Cape Town,
1981-9. Epidemiol Infect 1993; 111: 357-71

14. From the PHLS. Viral meningitis and encephalitis 1978-82. Br
Med J (Clin Res Ed) 1985; 290 (6472): 921-2

15. Pönkä A, Pettersson T. The incidence and aetiology of central
nervous system infections in Helsinki in 1980. Acta Neurol
Scand 1982; 66: 529-35

16. Rantakallio P, Leskinen M, von Wendt L. Incidence and prog-
nosis of central nervous system infections in a birth cohort of
12,000 children. Scand J Infect Dis 1986; 18 (4): 287-94

17. Rantala H, Uhari M. Occurrence of childhood encephalitis: a
population-based study. Pediatr Infect Dis J 1989; 8: 426-30

18. Romero JR. Enteroviruses: diagnosis, screening, and surveil-
lance. Infect Medicine 1999; 16 Suppl. D: 11-20

19. Chonmaitree T, Menegus MA, Powell KR. The clinical rele-
vance of ‘CSF viral culture’. Atwo-year experiencewith aseptic
meningitis in Rochester, NY. JAMA 1982; 247 (13): 1843-7

20. Yamashita K,Miyamura K, Yamadera S, et al. Enteroviral asep-
tic meningitis in Japan, 1981-1991. A report of the National
Epidemiological Surveillance of Infectious Agents in Japan.
Jpn J Med Sci Biol 1992; 45 (3): 151-61

21. Mulcahy DL, Hanlon MG, de Silva LM. A report of a spring-
summer outbreak of echovirus II infection. J Infect 1983; 6
(1): 61-6

22. Parasuraman TV, Deverka PA, Toscani MR. Identification of
resource use and associated costs for viral meningitis. Man-
aged Care 2000; 1: 41-6

23. Parasuraman TV, Deverka PA, Toscani MR. Economic evalua-
tion of viral meningitis. Infect Med 2000; 17 (6): 417-27

24. 1996 Drug Topics Red Book. Montvale (NJ): Medical Econom-
ics Company Inc., 1996

25. Marshall GS, Hauck MA, Buck G, et al. Potential cost savings
through rapid diagnosis of enteroviral meningitis. Pediatr In-
fect Dis J 1997; 16 (11): 1086-7

26. Elmore JG, Horwitz RI, Quagliarello VJ. Acute meningitis with
a negative gram’s stain: clinical and management outcomes
in 171 episodes. Am J Med 1996; 100: 78-84

27. Wall TC, Fargason CA, Johnson VA. Comparison of inpatient
charges between academic and not academic services in a
childrens hospital. Pediatrics 1997; 99 (2): 175-9

28. WaismanY, LotemY, HemmoM, et al.Management of children
with aseptic meningitis in the emergency department. Pediatr
Emerg Care 1999; 15 (5): 314-7

29. Murray BJ. Complications following coxsackievirus B infec-
tions. Am Fam Physician 1988; 38 (5): 115-8

30. Hayward JC, Gillespie SM, Kaplan KM, et al. Outbreak of
poliomyelitis-like paralysis associated with enterovirus 71.
Pediatr Infect Dis 1989; 8: 611-8

31. Russell LB, Siegel JE, Daniels N, et al. Cost-effectiveness anal-
ysis as a guide to resource allocation in health: roles and lim-
itations. In: Gold MR, Siegel JE, Russel LB, et al., editors.
Cost-effectiveness in health and medicine. New York (NY):
Oxford University Press, 1996

32. Luce BR, Manning WG, Siegel JE et al. Estimating costs in
cost-effectiveness analysis. In: Gold MR, Siegel JE, Russel
LB, et al., editors. Cost-effectiveness in health and medicine.
New York (NY): Oxford University Press, 1996

33. Lo S, Phillips DIW, Peters JR, et al. Papilloedema and cranial
nerve palsies complicating apparent benign aseptic meningi-
tis. J R Soc Med 1991; 84: 201-2

34. Wilfert CM, Thompson RJ, Sunders TR, et al. Longitudinal
assessment of children with enteroviral meningitis during the
first three months of life. Pediatrics 1981; 67: 811-5

35. Nadol JB. Hearing loss as a sequela of meningitis. Laryngo-
scope 1978; 88: 739-55

36. Center for Disease Control and Prevention. Non-polio enterovirus
infections [online]. Available from: URL: http://www.cdc.
gov/ncidod/dvrd/entrvirs.htm [Accessed 2000 Aug 28]

37. Ramers C, Billman G, Hartin M, et al. Impact of a diagnostic
cerebrospinal fluid enterovirus polymerase chain reaction test
on patient management. JAMA 2000; 283 (20): 2680-5

38. Modlin JR. Update on enterovirus infections in infants and chil-
dren. Adv Pediatr Infect Dis 1997; 12: 115-80

39. Sawyer MH. Enterovirus infections: diagnosis and treatment.
Pediatr Infect Dis J 1999; 18 (12): 1033-9

40. Sawyer MH, Saez-Llorenz X, Aviles CL, et al. Oral pleconaril
reduces the duration and severity of enteroviral meningitis in
children [abstract]. AnnualMeeting of the PediatricAcademic
Society; 1999 May 1-4; San Francisco (CA)

41. Shafran SD, Halota W, Gilbert D, et al. Pleconaril is effective
for enteroviral meningitis in adolescents and adults: a ran-
domized placebo-controlled multicenter trial [abstract]. In:
39th Interscience Conference on Antimicrobial Agents and
Chemotherapy, San Francisco, CA, 1999. Washington, DC:
American Society for Microbiology, 1999: 436

Correspondence and offprints: Dr T.V. Parasuraman, Global
Health Outcomes Assessment, Wyeth-Ayerst Research, 145
King of Prussia Road, Radnor, PA 19087, USA.
E-mail: parasut@war.wyeth.com

12 Parasuraman et al.

© Adis International Limited. All rights reserved. Pharmacoeconomics 2001; 19 (1)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


