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Aretrospective cohort study design was used to assess the use and costs of diagnostic tests, medication, and total
hospitalization costs for pediatric patients with suspected meningitis/encephalitis who received a lumbar punc-
ture (LP) procedure. Related costs were calculated by timing of LP performed and infectious etiology for infants
(<1 year) and children (1-17 years). A total of 3030 infants and 3635 children with suspected ME diagnosed be-
tween 2011 and 2014 were included in the study. The mean hospitalization cost for infants and children was
$12,759 and $11,119, respectively, with medication and laboratory test costs of $834 and $1771 for infants and

ﬁé’r‘:‘i}srgﬁ‘s $825 and $855 for children, respectively. Total visit cost increased with delayed LP procedure, ICU stay, and if
Encephalitis the etiology was viral (other than enterovirus or arbovirus) or bacterial. Higher diagnostic and treatment costs
Cost were associated with delayed LP procedure, etiologic agent, and ICU stay.

Diagnosis © 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
Infants (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Children

1. Introduction economic burden of ME remains substantial. For example, viral meningi-

Meningitis and encephalitis (ME) are often caused by pathogens such
as bacteria, viruses, fungi, and parasites (Castelblanco et al.,, 2014; Richie
and Josephson, 2015). Vaccination for Haemophilus influenzae type b,
pneumococcal, and meningococcal vaccines in the United States (US)
and the use of maternal prophylaxis for group B Streptococcus have re-
duced the prevalence of bacterial infections, and now the most common
ME pathogens are viruses (Romero and Newland, 2003; Thigpen et al.,
2011). Of the 72,000 hospitalizations reported in the US due to meningitis
in 2006, more than half were caused by viruses (Holmquist et al., 2006).
Although hospitalizations have continued to decline, the clinical and
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tis, a self-limiting condition, may lead to hospital admission and overuse
of antibiotics and testing (Castelblanco et al., 2014; Davis et al., 2011;
MacNeil et al., 2015; Nigrovic et al,, 2013).

Diagnosing ME is challenging because many etiologic agents present
with similar signs. There is high risk of morbidity and mortality espe-
cially with bacteria and herpes simplex virus (HSV) etiologies; for this
reason, many patients are admitted and treated empirically, resulting
in higher costs (Nigrovic et al., 2013; Richie and Josephson, 2015; Shukla
et al,, 2017). If treatment is delayed or inappropriate, severe complica-
tions such as severe and irreversible neurological damage may occur,
resulting in prolonged hospital stays (Hasbun et al., 2013; Khoury
et al.,, 2012). One of the challenges of laboratory diagnosis is that tradi-
tional culture testing may take up to 72 h for bacteria or longer for fungi.
Furthermore, certain pathogens will not grow, and results may be neg-
ative if the patient received empiric antibiotic treatment. Currently,
most of the diagnosis of viruses relies on molecular assays. Owing to
the lack of approved molecular assays and laboratory expertise, or
cost, many institutions send their specimens to a reference laboratory,
which causes a notable delay in diagnosis. In general, the use of rapid
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diagnostic assays offered on site should improve diagnosis and patient
outcomes (Leber et al., 2016).

In order to assess the related costs of management of pediatric pa-
tients with suspected ME, a retrospective cohort study was conducted
to estimate the cost of testing, treatment, and total hospitalization.
Cost was reported by timing of lumbar puncture (LP) performed and
by type of pathogen causing the infection. We hypothesized that higher
diagnostic and treatment costs may be associated with delayed LP pro-
cedure, etiologic agent, and if ICU stay is required.

2. Materials and methods
2.1. Data source

Data for this study were extracted from the deidentified Premier
Healthcare Database (PHD). The PHD is a complete census of inpatient
and hospital-based outpatient visits including emergency room visits
from 631 hospitals, including both children's hospitals and adult/pedi-
atric hospitals, across all 50 states and contains approximately 20% of
all hospital discharges in the US since 2000. The hospitals in PHD repre-
sent hospitals of all sizes, of both urban and rural origin, and of both ac-
ademic and nonacademic settings. The majority of the patients came
from comprehensive hospitals instead of pediatric hospitals. The PHD
data are extracted from standard hospital discharge files and include pa-
tients' demographics, disease status, medications and devices used,
tests performed, and information on date-stamped billed services in pa-
tients' daily service records. Over two-thirds of hospitals submit cost
data directly from their Chargemaster, and the remaining hospitals sub-
mit current copies of their Medicare Hospital Cost Report and Cost to
Charge Ratios at the department or revenue center level to calculate pa-
tient-level cost. All cost data in PHD are validated by comparing the
aggregate cost for the submitted patient data to financial reports gener-
ated by each hospital for the associated time period with less than 2% of
difference being considered valid. Patients can be tracked across visits
within facilities with a unique identifier. About 25% of participating hos-
pitals voluntarily contribute microbiology data to the PHD. The PHD
data are HIPAA compliant according to 45 CRF 46.101(b)(4) and 45
CRF 164.506(d)(2)(ii)(B).

2.2. Study population

The study population included pediatric patients: infants (<1 year)
and children (1-17 years) with principal or secondary International
Classification of Diseases (ICD)-9 discharge diagnosis codes for ME
and who received an LP procedure (ICD-9 procedure code of 03.31 or
a Current Procedural Terminology code of 62,270) during an emergency
department (ED) visit or during the first 2 service days of an inpatient
stay between 2011 and 2014.

All LP procedures performed during the index hospital visit were in-
cluded in the LP-related cost estimate, except for patients with crypto-
coccal meningitis. Cost information was submitted by the hospitals,
with the majority of cost estimates coming from the charge master.
For cryptococcal meningitis patients with multiple LPs performed dur-
ing the same hospitalization, only the first LP procedure was included
in the LP-related cost estimate. Patients admitted with any type of
trauma as determined by the hospital, chronic meningitis (ICD-9 diag-
nosis code: 322.2), CSF shunt, craniotomies, spinal procedures, or head
trauma with CSF leaks during the 30 days prior to admission and at
time of admission were excluded (ICD-9 diagnosis codes: V45.2, 01.Xx,
02.xx, 03.xx, 04.xx, 05.xX, 81.0%, 81.3%, 81.6%, 349.89, 388.61).

2.3. Outcomes
Treatment, diagnosis-related costs, and cost by pathogen type were

the primary outcomes studied. Furthermore, the number of the most
commonly performed tests from CSF specimens and cost were calculated

by capturing the comparable test orders. Due to major differences in
coding of the tests, not all were able to be included, especially if those
tests were performed in different facilities. These included Gram stain,
glucose, protein, cell count and differential, culture (bacterial, acid fast
bacteria [AFB], fungal, viral), serum antibody tests (West Nile virus
[WNV], Lyme disease, Coccidioides spp., HSV, Cryptococcus spp., cytomega-
lovirus [CMV], varicella zoster virus [VZV]), PCR (HSV, EV, Lyme disease,
WNV, Mycobacterium tuberculosis, Epstein Barr virus [EBV], human her-
pesvirus 6 (HHV-6), Cryptococcal antigen test, India Ink stain, and ME-
diagnosis-related antigen tests.

24. Statistical methods

Descriptive data were summarized using frequencies and percentages
for categorical variables and using mean (standard deviation) or median
(interquartile range) for continuous variables for each subgroup. The y?
or Fisher exact test was used to compare the differences between sub-
groups for categorical variables. The 2-sample independent ¢ test was
used for comparing differences in continuous variables. Cost was adjusted
to 2015 US dollars based on the Consumer Price Index for all urban con-
sumers for hospital and related services. All analyses were performed
using SAS (v9.4) (SAS Institute Inc. Cary, NC).

3. Results

A total of 6665 pediatric patients were included in the study sample.
Of these, 3030 were infants and 3635 children. Slightly over half (55.3%
infants and 59.8% children) were female. About two-thirds of infants
and half of the children had private insurance, and 33.2% of infants
and 43.9% of the children had public insurance; only 3-3.7% were unin-
sured. Overall, 91.1% of infants and 76.3% of the children were admitted
to hospital.

CSF Gram stain, glucose, protein, and cell count/differential were
recorded for infants/children at 84.6-85.2%, 64.9-62.9%, 63.5-64.4%,
abd 53-51.5% of patients, respectively (Table 1). CSF acid fast bacilli
[AFB] and fungal cultures, antibody tests, cryptococcal antigen test,
India Ink, and other antigen tests were conducted for 0.2-6.5% of pa-
tients, with higher percentage in children. Overall, PCR tests were only
conducted for 12.7% of the infants and 10.2% of the children (Table 1).

Among patients with available microbiology data, approximately
54% (1635 infants and 1947 children) had CSF bacterial culture per-
formed. Of these, 11% and 5% were positive for infants and children, re-
spectively; 266 of the infants and 183 of the children had CSF viral
culture, of which 29% and 25% were positive, respectively. Furthermore,
2564 of the infants and 3096 of the children had CSF Gram stain, of
which 12% and 6% were positive respectively (Table 1 and data not
shown).

The mean cost of laboratory tests ranged from a high of $94 for PCR
and bacterial culture to a low of $7 for India ink stain (Table 1). The re-
lated cost by patient based on location (outpatient, inpatient ED, or after
admission) and timing (first or second day after admission) of LP
performed was calculated (Table 2). The mean total visit cost was
$12,759 for infants and $11,119 for children, of which mean costs of
$2965 for infants and $3097 for children were incurred prior to the LP
procedure. The median length of hospital stay was greater in both age
groups when the LP was performed on the second service day (infants:
median 10 days and children 7 days) as compared to 6 days for infants
and 4 days for children who received their LP on the first service day.
Higher mean costs were associated with inpatients and with delayed
LP $20,226-22,774 (LP first day after admission-procedure done within
24 h after admission) and $24,133-24,624 (inpatient, LP second day
after admission, infant/children). Overall, 18.6% of infants and 13.9% of
children required an ICU stay with an associated average cost of
$23,344 and $30,631 for infants and children, respectively. The percent-
age of patients with an ICU stay increased from 14.1-15.7% among
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Table 1
Number of tests from CSF for which comparable tests orders could be determined.*

Variables Infants (<1 year) Children (1-17 years)
N % Cost (2015 US dollars, mean 4 STD) N % Cost (2015 US dollars,mean 4+ STD)

Gram stain 2564 84.6 36 + 26 3096 85.2 33425
Glucose 1966 64.9 13 £ 12 2287 62.9 13 £ 11
Protein 1924 63.5 16 + 15 2339 64.4 14 + 12
Cell count and differential 1607 53 28 + 22 1873 51.5 41 + 49
Bacterial culture 1635 54 28 + 18 1947 53.6 28 +£ 20
AFB culture 20 0.7 NA 121 33 40 + 33
Fungal culture 26 0.9 50 + 35 131 3.6 37 £+ 32
Antibody tests” 18 0.6 68 + 48 237 6.5 69 + 93.
Any PCR test® 384 12.7 94 + 88 372 10.2 88 + 101
Cryptococcal antigen 5 0.2 40 + 25 21 0.6 27 +£ 15
Viral culture 266 8.8 106 + 155 183 5 66 + 60
India ink stain 10 0.3 7+10 38 1.1 10+ 7
Other antigen tests 11 0.4 11 + 48 28 0.8 23 + 24

NA = not available.
¢ Due to major differences in coding of tests, not all were captured.

> Among all patients who had antibody tests, 43.75% were tested for WNV, 15.23% for Lyme disease, 11.53% for Coccidioides, 9.89% for HSV, 1.32% for Cryptococcus, 0.88% for CMV, 0.85%

for VZV, and 24.55% for other pathogen.

¢ Among all patients who had PCR test, 52.25% were tested for HSV, 44.25% for enterovirus, 8.61% for Lyme disease, 5.56% for WNV, 3.15% for AFB, 1.19% for EBV, 0.35% for HHV, and 2.95%

for other pathogen.

inpatients with LP done in the ED to 35.2-33.3% in inpatients with LP
done on the second day after admission (Table 2).

The mean medication cost was $834 for infants and $1771 for children.
The diagnostic laboratory cost was $825 for infants and $855 for children;
of these, the ME-related laboratory test costs were $204 for infants and
$172 for children, respectively. Since the majority of laboratories do not
perform molecular tests in-house but send out tests, the ME-related labo-
ratory test costs were much lower than expected as the reference labora-
tory testing cost was not captured in these data. Costs for medication
treatment and laboratory testing were lower for outpatients but higher
across categories (inpatient with ED LP, inpatients with LP 1 day after ad-
mission, and inpatients with LP 2 days after admission) (Table 2).

Enterovirus was the most common etiology in both infants and chil-
dren, followed by “unknown pathogen” and bacteria. (Table 3) A total of
58.1% of the infants had a diagnosis of ME due to EV (58.1%), 18.4% to
bacteria, 1.7% to herpes viruses group (HSV1/2, VZV, CMV, HHV6), and
1.2% to other viruses. In addition, 18.8% had no pathogens identified
(Table 3). Among children, 58.6% had a diagnosis of ME due to EV,
8.6% to bacteria, 1.5% to herpes virus group, 1% to arbovirus, and 0.3%
to other viruses. A larger percentage of children than infants had no
pathogens identified (26.9% vs. 18.8%) (Table 3).

When cost was calculated based on ME etiology, infants diagnosed
with unknown etiology had the highest associated hospitalization cost
of $41,397, followed by herpes virus ($36,625) and bacterial etiologies
($27,638). For children, herpes virus ME had the highest associated hospi-
talization cost of $30,906, followed by other viruses ($29,676) and bacte-
rial etiologies ($21,961). The total cost incurred until LP procedure date
was highest in the other virus group for infants ($4126) and children
(6413), followed by bacterial and herpes virus group for infants, and her-
pes virus, arbovirus, and bacteria for children. Mean ICU costs were
highest for infants diagnosed with herpes virus followed by other virus
(60% infants, 58.3% children), unknown pathogens, and bacteria. The
highest ICU-related cost was for herpes virus ($46,106) for infants and
other virus ($38,485) for children.

For infants, the overall medication cost was highest in the herpes
virus group ($2792), followed by other virus ($2647) and bacterial
groups ($1768). For children, the overall medication cost was highest
in the other virus group ($4727), followed by herpes virus ($4631)
and bacterial groups ($2873). The highest ME-related laboratory test
cost was for herpes virus ($501 infants and $463 children) followed
by other virus ($474 infant and $247 children) (Table 3). The cost was
lower as expected because we could not capture the send-out test
costs, especially those pathogens detected by molecular methods.

4. Discussion

In this study, we calculated the cost of managing ME among infants
and children in the US. We calculated the overall hospitalization and
diagnosis-related costs of patients with ME who received an LP proce-
dure in a hospital setting. Our findings show that the cost increased
with delayed diagnosis (especially if the LP was delayed), if the patient
required an ICU stay, and by infectious agent. Despite advances in the
management of infectious ME, diagnosis is challenging because the clin-
ical presentation is nonspecific and many diagnostic tests have low sen-
sitivity. The high potential for morbidity and mortality caused by
bacteria and HSV and delayed diagnosis encourages clinicians to treat
the majority of patients empirically (Beckham and Tyler, 2006; Whitley
and Lakeman, 1995). However, a lumbar puncture is required for more
definitive diagnosis, and our data show that delays in LP testing and
identification of etiology increase costs associated with other testing
and the likelihood of inappropriate treatment. In this study, the majority
of ME cases were caused by enterovirus. As other studies have shown,
early diagnosis of EV is associated with reduced antibiotic use, de-
creased length of stay, fewer diagnostic tests (CT and MRI), better out-
comes, and lower cost (Ramers et al., 2000).

The use of a rapid test to rule out HSV has been shown to have an im-
pact on the duration of acyclovir therapy (Van et al., 2017). Further-
more, HSV may be missed if the patient does not show the typical CSF
presentation, which can lead to additional testing, a longer ICU stay,
negative patient impact, and increased costs (Beckham and Tyler,
2006; Tunkel et al., 2008).

Sixty percent of infants with ME caused by “other” viruses (exclud-
ing herpes virus, enterovirus, and arbovirus) required an ICU stay
followed by those with bacterial (40%) and herpes virus etiologies
(32.1%). Similar results were observed for children (other virus 58.3%,
bacteria 30.9%, herpes virus 34%); however, 50% of patients with arbovi-
rus also required an ICU stay (Table 3). Unsurprisingly, based on the
high cost of ICU care in the US, most of the hospitalization cost is driven
by ICU stay (Halpern and Pastores, 2010). Total costs were also affected
by medication and laboratory testing costs. The mean overall medica-
tion cost for infants was $834 and markedly increased for children
(mean cost of $1771). The highest medication costs for both groups
were for ME caused by viruses other than enterovirus (Table 3), ranging
from $2647-$2792 for infants to $3408-$4727 for children. ME-related
laboratory tests accounted for 25% of total laboratory costs for infants
and 20% for children. Higher laboratory costs were associated with pa-
tients with viral diagnoses. Based on the low ME-related laboratory



Table 2
Related cost by timing of LP performed among the study population.

Infants (<1 year)

Children (1-17 years)

Total Outpatients  Inpatients with Inpatients with LP Inpatients with LP Total Outpatients  Inpatients with Inpatients with LP Inpatients with LP
with LP in ED? LP in ED® 1 day after 2 day after with LP in ED® LP in ED' 1 day after 2 day after
admission® admission? admission® admission”
Unique patients 3030 260 2087 586 88 3635 847 2169 513 93

Total visit cost 11,612 + 16,109 20,226 + 27,757

(mean + STD)

12,759 + 19,330 1643 + 1421

Total cost incurred till LP 2965 + 2266 1362 + 877 2805 + 1795 3682 + 2847
procedure day
(mean + STD)
Number of patients with an 562 (18.6%) N/A 328 (15.7%) 203 (34.6%)
ICU stay n (%)
ICU-related cost 23,344 + 26,718 N/A 19,276 + 23,293 28,650 £ 30,343
(mean + STD)
Medication treatment cost 834 + 1887 71 + 124 761 + 1740 1340 + 2428
(mean =+ STD)
Diagnostic laboratory testing 825 + 1104 348 + 215 803 + 957 1059 + 1513
cost (mean + STD)
ME-related laboratory tests 204 + 234 101 + 138 218 + 236 201 + 251

cost (mean =+ STD)

24,133 + 26,103

6943 + 4076

31(35.2%)
31,648 + 28,161
1546 + 2743
1240 + 1906

191 + 226

11,119 + 34,904 1623 + 1525 11,546 + 36,027 22,774 + 51,934

3097 + 3021 1349 + 1144 3087 + 2506 5038 + 4059
504 (13.9%) N/A 305 (14.1%) 168 (32.8%)
30,631 + 76,482 N/A 29,992 + 86,230 32,457 + 63,269
1771 &+ 9965 127 + 286 1950 + 11,869 3363 + 9418
855 + 2136 339 + 674 858 + 2291 1564 + 2757
172 £+ 239 99 + 113 177 + 248 247 + 296

24,624 + 26,765

8788 + 5118

31(33.3%)
27,027 + 20,272
3982 + 7986
1662 + 1993

241 + 270

STD = standard deviation; N/A = not applicable.

2 Discharge diagnosis: bacteria (26), herpes virus (1), enterovirus (34), other virus (1), unknown pathogens (198). Based on primary and secondary diagnosis coding or transfer to different facility.
b Discharge diagnosis: bacteria (346), herpes virus (33), enterovirus (1407), other virus (24), unknown pathogens (229), non-ME diagnosis (48).

c

4 Discharge diagnosis: bacteria (37), herpes virus (5), enterovirus (25), unknown pathogens (21).

Discharge diagnosis: bacteria (148), herpes virus (14), enterovirus (290), other virus (10), unknown pathogens (118), non-ME diagnosis (6).

¢ Discharge diagnosis: bacteria (40), herpes virus (2), enterovirus (353), other virus (1), unknown pathogens (444), non-ME diagnosis (7). Based on primary and secondary diagnosis coding or transfer to different facility.
f Discharge diagnosis: bacteria (192), herpes virus (29), arbovirus (15), enterovirus (1499), other virus (7), fungi (2), unknown pathogens (333), non-ME diagnosis (92).
¢ Discharge diagnosis: bacteria (70), herpes virus (13), arbovirus (21), enterovirus (238), other virus (3), fungi (1), unknown pathogens (153), non-ME diagnosis (14).

" Discharge diagnosis: bacteria (9), herpes virus (6), enterovirus (36), other virus (1), unknown pathogens (39), non-ME diagnosis (2).
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Table 3
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Costs for the study population with ME by pathogen type.

353

Infants (<1 year)

Total® Bacteria Enterovirus Herpes virus® Arbovirus Other virus Unknown
pathogens
Number of unique patients (%) 3030 558 (18.4%) 1761 (58.1%) 53 (1.7%) 0 35 (1.2%) 569 (18.8%)
Hospitalization cost (mean + STD) 12,759 + 19,330 27,638 + 26,208 6805 + 8629 36,625 &+ 30,850 N/A 41,397 4+ 30,948 13,149 + 22,226
Cost incurred till LP (mean 4 STD) 2965 + 2266 3840 + 3137 2737 + 1811 3517 + 2551 N/A 4126 + 2650 2731 + 2292
Patients with ICU stay n (%) 562 (18.6%) 223 (40%) 180 (10.2%) 17 (32.1%) N/A 21 (60%) 111 (19.5%)
ICU-related cost (mean + STD) 23,344 + 26,718 26,255 4+ 25,210 13,233 4 19,809 46,106 4+ 39,407 N/A 36,103 + 29,893 28,726 + 30,998
Total medication cost (mean 4 STD) 834 + 1887 1768 + 2594 431 + 929 2792 + 3919 N/A 2647 + 2173 919 + 2458
Diagnostic laboratory testing cost 825 4+ 1104 1331 £ 1772 639 + 630 1948 + 2126 N/A 1905 + 1600 756 + 1006
(mean 4+ STD)
ME-related laboratory tests (mean 4 STD) 204 + 234 213 4 222 202 + 211 501 + 516 N/A 474 4 451 163 £ 222
Children (1-17 years)
Total® Bacteria Enterovirus Herpes virus® Arbovirus Other virus Unknown
pathogens
Number of unique patients 3635 311 (8.6%) 2131 (58.6%) 50 (1.5%) 36 (1%) 12 (0.3%) 977 (26.9%)
Hospitalization cost (mean + STD) 11,119 4 34904 21,961 + 38,853 5842 + 7376 30,906 + 33,930 15,442 4+ 10,141 29,676 + 46,077 17,629 + 59,267
Cost incurred till LP (mean =+ STD) 3097 + 3021 4117 + 3966 2682 + 1935 5042 + 4160 4890 + 5115 6413 + 4377 3426 + 4080
Patients with ICU stay n 504 (13.9%) 96 (30.9%) 161 (7.7%) 17 (34%) 18 (50%) 7 (58.3%) 185 (18.9%)

(%)
ICU-related cost (mean +
STD)

30,631 £ 76,482 27,074 + 42,970

10,652 + 13,784

33,932 + 31,077 13,743 4+ 8817 38,485 + 50,601 50,632 + 114,577

Total medication cost (mean + STD) 1771 4+ 9965 2873 + 7246 718 + 2761 4631 + 7449 3408 + 6487 4727 + 7236 3401 + 17,108

Diagnostic laboratory testing cost 855 + 2136 1285 + 2248 552 + 603 2246 + 2794 1594 + 1768 1936 + 1992 1277 + 3654
(mean 4 STD)

ME-related laboratory tests 172 4+ 239 197 + 255 149 + 162 463 + 550 222 4 292 247 + 214 195 + 321

(mean =+ STD)

N/A = not applicable; STD = standard deviation.
@ 54 patients were discharged with non-ME diagnosis.

b 115 patients were discharged with non-ME diagnosis and excludes 3 patients with fungal infection.

€ HSV 1/2,VZV, CMV, HHV6.

testing cost and the fact that the mean PCR cost was $140 and, in this pa-
tient population, HSV PCR should have been ordered, we conclude that
most of the institutions relied on reference laboratories whose testing
costs were not captured in this database.

While it is well known that the use of molecular assays has not only a
high sensitivity but a quicker turnaround time, the use of PCR in our study
was 12.7% and 10.2% for infants and children, respectively (Table 1). The
data suggest that for, the majority of cases, the diagnosis was either
made clinically or the molecular tests were not captured because they
were referred to a reference lab. The use of a multiplex rapid assay
would provide improved guidance for patient management with fewer
requests for other diagnostic testing. The use of rapid diagnostic tools is
linked to improved clinical outcomes, resulting in a lower length of stay
and cost (Bauer et al.,, 2010; Timbrook et al., 2017). Most of the standard
of care for diagnosis of ME, such as CSF glucose and protein, is not always
specific in predicting the pathogen causing the infection, and if the patient
has been treated with antibiotics for more than 8 h prior to LP, the cultures
will be sterile. Further, most of the tests require a long turnaround time be-
fore results are available (Kanegaye et al,, 2001; Michael et al., 2010). Quick
and accurate identification of the causative agent can be accomplished by
the use of molecular technology. In the US, an FDA-approved real-time
multiplex assay for the detection of pathogens from the CSF is the
FilmArray® Meningitis/Encephalitis (ME) panel (bioMérieux/BioFire, Salt
Lake City, UT) (Leber et al., 2016). The use of FilmArray® ME has shown
an enhanced identification of Group B Streptococcus and Escherichia coli
in infants (Arora et al,, 2017) and may play a role in evaluating neonates
for CNS infection, possibly resulting in shorter length of stay and reduced
antimicrobial exposure among those with low-risk viral infection
(Blaschke et al., 2018). Furthermore, it has been shown to enhance identi-
fication in patients with meningitis and a negative Gram stain (Wootton
et al,, 2016). Rapid identification of the agent causing ME is an asset in de-
termining whether or not to initiate treatment. There is a potential cost re-
duction in direct antibiotic utilization when the FilmArray® ME panel is
used, which is able to offset the increased cost of testing (Soucek et al.,

2017). Likewise, Duff et al. (2018) described the potential cost savings pre-
dicted by a comprehensive modeled analysis using the FilmArray® ME
rather than the standard of care.

Our study has a few limitations. It is a retrospective cohort study based
on an administrative hospital discharge database. The ME diagnosis and
pathogen categories were based on ICD-9 diagnosis codes. Coding errors
or misdiagnosis by clinicians may lead to misclassification, but if that
was the case, the level of misclassification should be similar across patho-
gen groups. Due to major differences in coding of the tests, not all were
able to be included, especially if those tests were performed in different
facilities. The study was designed to include all results; however, the com-
plexity of recording could result in exclusion, but they would be evenly
distributed between categories and likely not affect the proportion esti-
mates. In conclusion, our study shows that, on average, the total visit
costs were $12,759 for infants and $11,119 for children and that the
cost increased if LP procedure was delayed, if ICU stay was needed, and
if the etiology was viral other than arbovirus or enterovirus or bacteria.
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