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To characterize the frequency of neurocysticercosis, associ-
ated diagnostic codes, and place of infection, we searched
Oregon’s All Payer All-Claims dataset for 2010-2013. Twice
as many cases were found by searching inpatient and out-
patient data than by inpatient data alone. Studies relying
exclusively on inpatient data underestimate frequency and
miss less severe disease.

Neurocysticercosis, central nervous system infection
caused by the larval form of the pork tapeworm Tae-
nia solium, manifests a broad range of neurologic symp-
toms, including seizure, headache, obstructive hydrocepha-
lus, encephalitis, stroke, and cognitive disorders (/). In the
United States, neurocysticercosis is increasingly identified
in migrants and travelers from nonindustrialized countries,
particularly among the Hispanic population (2). However,
because no reliable surveillance system for neurocysticer-
cosis exists, studies to document the frequency of the dis-
ease have relied primarily on hospital discharge data (3—9).
These studies may underestimate the frequency of neu-
rocysticercosis and provide a biased representation of its
effects. In this population-based study of neurocysticerco-
sis, we used the newly implemented All-Payer All-Claims
(APAC) database in Oregon, which includes healthcare
claims from inpatient, outpatient, and emergency care en-
vironments.

The Study

We analyzed Oregon’s APAC insurance claim data for
the 3.5-year period from January 2010 through June 2013.
APAC includes claim information collected from most
healthcare payers in Oregon and provides a unique person-
level identifier allowing analysis at the individual level
(10). Because no specific code for neurocysticercosis ex-
ists, we searched >119 million claim lines for the code for
cysticercosis (123.1) from the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM), in any of the 13 diagnostic fields at any time during
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the study period. We extracted all claims from these pa-
tients for the entire study period, dropping any claims that
were denied to avoid duplication from resubmitted claims.
Persons who did not have >1 neurocysticercosis-associated
diagnostic, procedure, or current procedural terminology
code were also excluded, leaving a list of persons whose
condition fit our case definition of neurocysticercosis and
all of their paid and capitated claims. We required a sup-
porting diagnostic, procedural, or current procedural ter-
minology code in the case definition to reduce the likeli-
hood of including miscoded cases, while accepting that
some true-positive cases may have been excluded. We
also randomly selected 4 age- and sex-matched controls
from all persons in the dataset, extracted data from all of
their claims, and compared the proportion of specific diag-
nostic codes in neurocysticercosis cases versus codes for
controls. We calculated odds ratios (ORs) and 95% Cls by
using conditional logistic regression. The denominator for
prevalence estimates was taken from US Census Bureau
estimates of the insured population in Oregon in 2010.

A total of 137 persons were identified with a 123.1
ICD-9-CM code during the 14 quarters of this study. Of
these, 12 were excluded because they did not have paid
or capitated claims or did not have an associated neuro-
logic diagnostic or procedural code. The remaining 125
persons whose conditions met the case definition of neu-
rocysticercosis yielded a mean l-year prevalence of 1.1
cases/100,000 insured persons. Age of case-patients ranged
from 3 to 84 (median 41) years. Slightly more cases were
found among female patients (69/125, 55%). The 125 cases
generated a total of 8,224 claims, of which 2,337 contained
a neurocysticercosis-associated neurologic diagnosis or
procedure code.

Most claims (5,925/8,224, 72%) were made in out-
patient settings. Only 10% (818/8,224) were inpatient
claims, and <5% (337/8,224) were generated in emergency
departments. Of the 125 persons with neurocysticercosis,
70 (56%) had a claim history that included only outpatient
claims, 47 (38%) had both outpatient and inpatient claims,
and 3 (2%) had inpatient claims only. Paid and capitated
claims associated with mental health disorders, head-
ache, seizure/epilepsy, and syncope were made primarily
in outpatient settings, whereas claims associated with hy-
drocephalus, cerebral edema, and cerebrovascular disease
were made primarily in inpatient settings (Figure). Private
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Figure. Frequency of neurocysticercosis claims by associated
diagnosis and healthcare setting, Oregon, 2010-2013.

insurance carriers were the primary payers of paid claims,
accounting for =55% (4,504/8,224) of payments provided.
Federally-funded pay sources provided payment for ~40%
of claims.

Headache was the most common diagnostic category
coded in claims for persons with neurocysticercosis (63/125,
50.4%), followed by seizures (41/125, 32.8%); both were
significantly more common among case-patients than among
controls (OR 3.2, 95% CI 2.1-4.8, and OR 13.3, 95% CI
6.8-25.9, respectively). Other diagnostic codes significantly
more common in claims for persons with neurocysticercosis
include meningitis/encephalitis, stroke, cognitive disorder,
syncope, cerebral edema, and hydrocephalus (Table). The
median age for those with a diagnostic code for stroke was
significantly lower for those with neurocysticercosis (45
years) than for controls (63 years) (p = 0.05 by Kruskal-Wal-
lis test); no significant differences in age were found for the
other diagnostic categories evaluated.

Conclusions

Assessing the true prevalence or incidence of neurocysticer-
cosis in the United States is difficult due to the lack of active
case reporting from providers to public health entities. Most

Healthcare Claims for Neurocysticercosis, Oregon

epidemiologic studies, therefore, use hospital-discharge da-
tasets, which capture inpatient cases only (3—9). The results
of our study show that twice as many neurocysticercosis cas-
es are found when inpatient and outpatient data are searched
than when only inpatient data are searched. Epidemiologic
studies that rely solely on inpatient data largely underes-
timate the number of cases and the frequency and cost of
healthcare interactions for neurocysticercosis.

Although our study detected additional cases of neu-
rocysticercosis that were seen exclusively in the outpatient
setting, it still falls far short of capturing all neurocysticer-
cosis cases in Oregon because APAC data do not include
the uninsured population. Even though only 14.5% of per-
sons in Oregon lack health insurance (//), a previous study
involving chart review demonstrated that 40% of neurocys-
ticercosis patients in Oregon were uninsured (5). This find-
ing suggests that our study may have missed as many as 80
additional neurocysticercosis cases among the uninsured
during the study period.

The predominance of outpatient healthcare claims re-
flects the growing recognition that neurocysticercosis can
result in chronic illness and disability even after the infec-
tion has been resolved (/2—-/4). Patients with neurocysti-
cercosis often require long-term management for disease
sequelae such as seizures, hydrocephalus, cerebral edema,
and meningoencephalitis, resulting in frequent interaction
with specialist providers. This aspect of neurocysticerco-
sis care is not captured in studies based on inpatient data,
which tend to highlight acute illness.

We found that cognitive disorders were coded for 1 of
9 neurocysticercosis patients in this study and were 3 times
more likely to occur in these patients than in controls; this
finding supports results of recent studies showing that cog-
nitive impairment can be a notable sequela of neurocysti-
cercosis (/2). Cognitive disorders primarily affect learning,
memory, perception, and problem solving. A team-based
approach to clinical management that includes ancillary
support, including social services and rehabilitation, may
be beneficial in neurocysticercosis cases, especially when

Table. Diagnostic codes in healthcare claims from persons with neurocysticercosis (cases) versus age- and sex-matched controls,

Oregon, 2010-2013

Diagnostic code group

No. (%) cases, n = 125

No. (%) controls, n = 500 Odds ratio (95% CI)

Meningitis/encephalitis 5(4.0) 1(0.2) 20.0 (2.3-171.2)
Seizure 41 (32.8) 19 (3.8) 13.3 (6.8-25.9)
Stroke 17 (13.6) 16 (3.2) 5.6 (2.5-12.4)
Headache 63 (50.4) 120 (24.0) 3.2(2.1-4.8)
Cognitive disorder 11 (8.8) 16 (3.2) 3.1(1.4-7.1)
Syncope 12 (9.6) 25 (5.0 2.0 (1.04.2)
Psychotic disorder 8 (6.4) 21 (4.2) 1.6 (0.7-3.8)
Anxiety disorder 35 (28.0) 124 (24.8) 1.2 (0.8-1.8)
Mood disorder 32 (25.6) 134 (26.8) 0.9 (0.6-1.5)
Hydrocephalus 7 (5.6) 0 *
Cerebral edema 5 (4.0) 0 *

*Hydrocephalus and cerebral edema were significantly more common among cases. However, the odds ratio could not be calculated because these

diagnostic codes did not occur in the control group.
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long-term adherence to antiepileptic drugs or other thera-
pies are required to maintain quality of life.

Another intriguing finding was that claims coding for
stroke were >5 times more likely to appear for patients with
neurocysticercosis than for controls and occurred among
patients who were significantly younger than controls (data
not shown). Although cases of stroke in neurocysticercosis
patients have been reported, the effects at the population
level have received little attention.

This study has limitations. Although APAC data pro-
vided an improved understanding of the neurocysticerco-
sis outpatient population, the data source and quality may
introduce bias and limit generalizability. A major limita-
tion of APAC and other healthcare claims datasets is that
diagnostic codes associated with a claim may not accu-
rately represent the current clinical context. APAC data
are de-identified, which precludes verification of clinical
presentation through chart review, a limitation shared by
approaches based on other administrative datasets as well.
By excluding the uninsured population, this study also un-
derestimates the true prevalence of neurocysticercosis and
may present a biased view of diagnostic codes if uninsured
cases differ substantially from insured cases. Finally, the
composition of neurocysticercosis cases and associated
claims in Oregon may not be the same as in other regions
of the country.

Acknowledgments
We thank Michael Lasarev for his statistical expertise and the
Oregon Health Authority APAC program for their assistance.

This work was partially supported by the N.L. Tartar Trust,
School of Medicine, Oregon Health & Sciences University,
Portland, Oregon, USA.

Dr. Flecker is currently a Fogarty Fellow in Global Health
(Peru), where his research focuses on emerging zoonotic disease.

References
1. Shandera WX, White AC Jr, Chen JC, Diaz P, Armstrong R.
Neurocysticercosis in Houston, Texas. A report of 112 cases. Medicine
(Baltimore). 1994;73:37-52. http://dx.doi.org/10.1097/00005792-
199401000-00004
2. Cantey PT, Coyle CM, Sorvillo FJ, Wilkins PP, Starr MC, Nash TE.
Neglected parasitic infections in the United States: cysticercosis.

2170

Am J Trop Med Hyg. 2014;90:805-9. http://dx.doi.org/10.4269/
ajtmh.13-0724
3. O’Neal SE, Flecker RH. Hospitalization frequency and charges for
neurocysticercosis, United States, 2003—2012. Emerg Infect Dis.
2015;21:969-76. http://dx.doi.org/10.3201/eid2106.141324
4. O’Keefe KA, Eberhard ML, Shafir SC, Wilkins P, Ash LR,
Sorvillo FJ. Cysticercosis-related hospitalizations in the United
States, 1998-2011. Am J Trop Med Hyg. 2015;92:354-9.
http://dx.doi.org/10.4269/ajtmh.14-0506
5. Townes JM, Hoffmann CJ, Kohn MA. Neurocysticercosis in
Oregon, 1995-2000. Emerg Infect Dis. 2004;10:508-10.
http://dx.doi.org/10.3201/eid1003.030542
6. Croker C, Reporter R, Mascola L. Use of statewide hospital
discharge data to evaluate the economic burden of
neurocysticercosis in Los Angeles County (1991-2008).
Am J Trop Med Hyg. 2010;83:106—10. http://dx.doi.org/10.4269/
ajtmh.2010.09-0494
7. O’Neal S, Noh J, Wilkins P, Keene W, Lambert W, Anderson J,
et al. Taenia solium tapeworm infection, Oregon, 2006—2009.
Emerg Infect Dis. 2011;17:1030—6. http://dx.doi.org/10.3201/
eid/1706.101397
8. SerpaJA, Graviss EA, Kass JS, White AC Jr. Neurocysticercosis in
Houston, Texas: an update. Medicine (Baltimore). 2011;90:81-6.
http://dx.doi.org/10.1097/MD.0b013e318206d13e
9. Croker C, Redelings M, Reporter R, Sorvillo F, Mascola L,
Wilkins P. The impact of neurocysticercosis in California:
a review of hospitalized cases. PLoS Negl Trop Dis. 2012;6:¢1480.
http://dx.doi.org/10.1371/journal.pntd.0001480
10.  Oregon Health Authority. Oregon All-Payer All-Claims database.
2013 [cited 2014 Dec 6]. http://www.oregon.gov/oha/OHPR/
RSCH/docs/AllCPayer all Claims/APAC-Overviewfor-Release-
Document.pdf
11.  Oregon Health Authority. Oregon health insurance survey. 2013
[cited 2016 Apr 28]. https://www.oregon.gov/oha/OHPR/RSCH/
docs/Uninsured/2013 OHIS Age FactSheet.pdf
12.  Ciampi de Andrade D, Rodrigues CL, Abraham R, Castro LH,
Livramento JA, Machado LR, et al. Cognitive impairment and
dementia in neurocysticercosis: a cross-sectional controlled
study. Neurology. 2010;74:1288-95. http://dx.doi.org/10.1212/
WNL.0b013e3181d9eda6
13.  Nash TE, Mahanty S, Garcia HH; Cysticercosis Group in Peru.
Corticosteroid use in neurocysticercosis. Expert Rev Neurother.
2011;11:1175-83. http://dx.doi.org/10.1586/ern.11.86
14. Kelley R, Duong DH, Locke GE. Characteristics of ventricular
shunt malfunctions among patients with neurocysticercosis.
Neurosurgery. 2002;50:757—61. http://dx.doi.
org/10.1097/00006123-200204000-00014

Address for correspondence: Robert H. Flecker, School of Public Health,
Oregon Health & Sciences University and Portland State University,
3181 SW Sam Jackson Park Rd, Portland, OR 97239, USA;

email: flecker@ohsu.edu

Emerging Infectious Diseases « www.cdc.gov/eid ¢ Vol. 22, No. 12, December 2016



