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IMPORTANCE There has been limited surveillance for acute flaccid paralysis in North America
since the regional eradication of poliovirus. In 2012, the California Department of Public
Health received several reports of acute flaccid paralysis cases of unknown etiology.

OBJECTIVE To quantify disease incidence and identify potential etiologies of acute flaccid
paralysis cases with evidence of spinal motor neuron injury.

DESIGN, SETTING, AND PARTICIPANTS Case series of acute flaccid paralysis in patients with
radiological or neurophysiological findings suggestive of spinal motor neuron involvement
reported to the California Department of Public Health with symptom onset between June
2012 and July 2015. Patients meeting diagnostic criteria for other acute flaccid paralysis
etiologies were excluded. Cerebrospinal fluid, serum samples, nasopharyngeal swab
specimens, and stool specimens were submitted to the state laboratory for
infectious agent testing.

MAIN OUTCOMES AND MEASURES Case incidence and infectious agent association.

RESULTS Fifty-nine cases were identified. Median age was 9 years (interquartile range [IQR],
4-14 years; 50 of the cases were younger than 21 years). Symptoms that preceded or were
concurrent included respiratory or gastrointestinal illness (n = 54), fever (n = 47), and limb
myalgia (n = 41). Fifty-six patients had T2 hyperintensity of spinal gray matter on magnetic
resonance imaging and 43 patients had cerebrospinal fluid pleocytosis. During the course of
the initial hospitalization, 42 patients received intravenous steroids; 43, intravenous
immunoglobulin; and 13, plasma exchange; or a combination of these treatments. Among 45
patients with follow-up data, 38 had persistent weakness at a median follow-up of 9 months
(IQR, 3-12 months). Two patients, both immunocompromised adults, died within 60 days of
symptom onset. Enteroviruses were the most frequently detected pathogen in either
nasopharynx swab specimens, stool specimens, serum samples (15 of 45 patients tested). No
pathogens were isolated from the cerebrospinal fluid. The incidence of reported cases was
significantly higher during a national enterovirus D68 outbreak occurring from August 2014
through January 2015 (0.16 cases per 100 000 person-years) compared with other
monitoring periods (0.028 cases per 100 000 person-years; P <.001).

CONCLUSIONS AND RELEVANCE In this series of patients identified in California from June
2012 through July 2015, clinical manifestations indicated a rare but distinct syndrome of
acute flaccid paralysis with evidence of spinal motor neuron involvement. The etiology
remains undetermined, most patients were children and young adults, and motor weakness
was prolonged.
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W ith the elimination of wild poliovirus in popula-
tions throughout most of the world, the clinical syn-
drome of acute flaccid paralysis due to spinal mo-

tor neuron injury has largely disappeared from North America.1

It was not until the more recent emergence of West Nile virus
in Israel, Europe, and North America2 and enterovirus A71 in
Southeast Asia and Australia3 that acute flaccid paralysis has
reappeared with appreciable frequency. The syndrome also has
been rarely associated with other viruses,4-8 including entero-
virus D68.9,10 Despite occasional case reports, the absence of
centralized public health surveillance for non–polio acute flac-
cid paralysis in the United States has precluded accurate inci-
dence estimates, thereby limiting the ability to distinguish po-
tential disease outbreaks from the natural fluctuation inherent
in rare phenomena.11

Since 1998, the California Department of Public Health
(CDPH) has maintained a passive surveillance program for po-
tentially infectious undiagnosed neurological conditions.12,13

In the fall 2012, the CDPH received 3 separate reports of acute
flaccid paralysis cases with evidence of spinal motor neuron
injury.14 No such cases had been reported to the program dur-
ing the preceding 14 years.13 No etiology was identified and epi-
demiological and laboratory investigation did not implicate po-
liovirus. In response to these unusual case reports, the CDPH
implemented enhanced surveillance for similar cases with the
goal of characterizing observed cases and identifying pos-
sible etiologies. This program was implemented more than 2
years prior to a US outbreak of an enterovirus D68–associated
respiratory illness (August 2014-January 2015),15 which also
coincided with a spike in acute flaccid paralysis cases through-
out North America.10,16

We summarize reported cases and report the minimum
statewide incidence of acute flaccid myelitis, which encom-
passes a subset of acute flaccid paralysis cases with predomi-
nantly gray matter myelitis, irrespective of etiology. This clini-
cal syndrome has been previously referred to as poliomyelitis
or polio-like,2-4,6,7 reflecting its similarity to the clinical and
radiological features of paralytic poliovirus infections.

Methods
In August 2012, the CDPH implemented passive, voluntary
statewide surveillance for acute flaccid myelitis cases of
unknown etiology. The CDPH requested case reporting by
local health jurisdictions and clinicians. A case was defined
as a patient with acute onset of flaccid weakness in 1 or
more limbs and evidence of a spinal gray matter lesion on
magnetic resonance imaging (MRI) or on electrodiagnostic
studies (eg, electromyogram) consistent with anterior horn
cell damage in a patient admitted to a California hospital or
treated at a clinic between June 1, 2012, and July 31, 2015.
Patients meeting criteria for Guillain-Barré syndrome, West
Nile virus infection, stroke, myasthenia gravis, or botulism
were excluded.

Cases reported retrospectively from June and July 2012
were investigated and included if they met the case defini-
tion. In California, data collected and analyzed for the inves-

tigation of reportable diseases, including unusual diseases,
such as acute flaccid myelitis, are exempt from institutional
review board approval per Title 17, §2500 of the California
Code of Regulations. These data collection activities also
were reviewed by the US Centers for Disease Control and
Prevention Human Subject Protection Program and were
considered nonresearch. Nonetheless, the CDPH maintains
an ongoing institutional review board protocol for its Neuro-
logic Surveillance and Testing Program, which covers sur-
veillance activities and similar investigations related to neu-
rological illnesses.

Detailed medical record data were obtained from clini-
cians and abstracted with a standardized case abstraction
tool. Anonymized summaries of patient data, including MRI
and electromyogram reports, were reviewed by a neurolo-
gist (K.V.) and an infectious disease epidemiologist (P.A. or
C.A.G.) trained in case ascertainment to determine if
patients met the case definition determined by the CDPH. If
the 2 reviewers disagreed, a second neurologist’s opinion
(E.W.) was sought. Data were extracted and summarized
from official MRI reports. Three clinicians (K.V., E.W., and
J.B.S.) reviewed the MRI reports for several patients under
their care.

Clinicians involved in the ongoing care of patients were
queried for assessments of motor function during clinical
follow-up. Full motor recovery was defined as a score of 5 of 5
on the Medical Research Council’s scale for testing muscle
strength and function or by a statement from the treating phy-
sician specifying full strength in the patient’s affected limbs.
Demographic characteristics of patients, including race and eth-
nicity, were abstracted from medical records to identify epi-
demiological patterns.

Clinical specimens obtained via throat and nasopharyn-
geal swabs, stool and rectal swabs, acute serum sampling, and
collection of cerebrospinal fluid were requested for all cases.
Infectious agent testing was performed by the CDPH Viral and
Rickettsial Disease Laboratory and the University of Califor-
nia, San Francisco, Viral Diagnostics and Discovery Center.
Briefly, testing methods used polymerase chain reaction for
enterovirus VP1 and 5′-UTR gene coding regions,17,18 as well
as next-generation sequencing.19 Further details are pro-
vided in the eMethods in the Supplement.

Enterovirus testing was completed on at least 1 sample of
every specimen type received for each patient. If a specimen
tested positive, viral subtyping was completed on all speci-
mens with sufficient residual volume. Additional infectious dis-
ease testing was done on a case-by-case basis, and was depen-
dent on sample availability and the infectious agent testing
already completed at the hospital, commercial laboratory, or
both. A national enterovirus D68 outbreak occurred from Au-
gust 2014 through January 2015 (dates independently demar-
cated by an official US Centers for Disease Control and Pre-
vention outbreak investigation),15 with cases observed
throughout California.

Incidence estimates were generated using SAS version
9.3 (SAS Institute Inc). Other figures and relevant statistics
were generated using GraphPad Prism version 6.0 (GraphPad
Software Inc). We used a 2-tailed Mantel-Haenszel χ2 test
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with an α level of .05 to test the hypothesis that the rate of
acute flaccid myelitis cases reported in California with symp-
tom onsets during the outbreak was equal to that for cases
not reported during the outbreak.

Results
The CDPH evaluated available clinical information for more
than 220 reported cases to determine if they met the case
definition, including requesting medical records on 124
patients; of these, 59 met the case definition. Reasons for
exclusion included alternate diagnoses to explain symp-
toms (eg, Guillain-Barré syndrome), clinical features not
meeting case criteria (eg, absence of flaccid weakness), and
symptom onset outside California or the specified time
frame.

Two reviewers (K.V. and either P.A. or C.A.G.) agreed on
the classification for 58 of the 59 cases; the remaining case was
triaged to a third reviewer (E.W.) who recommended inclu-
sion. Of the 59 cases described, 23 have been previously re-
ported (5 in Roux et al,14 23 in Ayscue et al,20 and 10 in
Greninger et al1).

Demographic features of the 59 cases appear in Table 1. Me-
dian age was 9 years (interquartile range [IQR], 4-14 years). Only
9 patients were older than 21 years (eFigure 1 in the Supple-
ment). Patients resided in 27 of the 58 counties in California
and there was a broad geographic distribution (eFigure 2 in the
Supplement); no spatial clustering of cases was noted.

Clinical Features
Most patients (n = 44) had no known comorbidities prior to
symptom onset (Table 1). Asthma was the most common co-
morbidity (n = 11); 3 patients had an immunocompromised sta-
tus. In the 31 days prior to weakness onset, the majority of pa-
tients (n = 54) experienced a prodromal illness with either
respiratory (n = 42) or gastrointestinal (n = 38) symptoms, or
both types of symptoms (Table 2).

At the time of neurological symptom onset, patients re-
ported recent fever (n = 47), limb myalgia (n = 41), headache
(n = 29), neck stiffness (n = 20), mental status changes (n = 13),
or a mix of these. During the course of neurological illness,
many patients experienced neurogenic bowel or bladder mani-
festations (n = 30), focal paresthesia (n = 21), or both.

Severity of neurological nadir ranged from weakness in 1
limb (n = 5) to quadriparesis (n = 29), often with respiratory
failure requiring mechanical ventilation (n = 20), cranial
nerve palsies (n = 16), or both. Upper limb weakness was
present in the majority of cases (n = 43). Subjectively,
patients appeared to progress from normal strength to neu-
rological nadir acutely, generally over the course of a few
hours to a few days.

Limb weakness did not always progress to complete pa-
ralysis and often varied in severity from limb to limb. Sen-
sory deficits were documented in 26 patients (eResults in the
Supplement). The most common diagnoses at time of dis-
charge were transverse myelitis (n = 23), infectious or postin-
fectious myelitis (n = 15), and Guillain-Barré syndrome (n = 4).

Electromyogram and MRI Report Features
All 59 patients had at least 1 spinal MRI report available for re-
view and abstraction. Representative MRIs appear in Figure 1.
Abstracted data from MRI reports are summarized in Table 2
(as well as in the eResults and in eFigure 3 in the Supple-
ment). Spinal cord lesions extended 3 or more vertebral seg-
ments in length in most patients (n = 53) and commonly af-
fected the cervical cord (eFigure 3). Findings from MRIs relative
to onset of weakness are described in the eResults. Three pa-
tients had no spinal cord lesions reported, but had clinical and
electromyogram features meeting the case criteria. Nine pa-
tients had full electromyogram reports available (eTable 1 in
the Supplement).

Among 48 patients with brain MRI reports available
(Table 2), most (n = 33) had no supratentorial lesions. When
lesions were reported, they tended to affect cortical (n = 6) and
subcortical (thalamus, n = 4; caudate, n = 2) gray matter struc-
tures. Sinus or mastoid inflammation was reported in 9 of the
48 patients, all occurring within 3 days of weakness onset. No
optic nerve or chiasm lesions were reported.

Cerebrospinal Fluid Specimen Features
Eighty-two cerebrospinal fluid specimens were reported from
58 patients. Median time to first lumbar puncture was 2 days
(IQR, 0-3 days) after onset of weakness. When all lumbar punc-
tures were considered, pleocytosis (white blood cell count >5/μL)
was present in 43 patients and protein level was elevated

Table 1. Demographics and Preexisting Medical Conditions of Acute
Flaccid Myelitis Cases of Unknown Etiology in California, June 2012
Through July 2015

Total Cases
(N = 59)a

Demographics

Age, y

Median (interquartile range) 9 (4-14)

<21 50 (85)

Female sex 26 (44)

Race

White 32 (54)

Asian 13 (22)

Black 4 (7)

Other 1 (2)

Unknown 9 (15)

Ethnicity

Non-Hispanic 31 (53)

Hispanic 20 (34)

Unknown 8 (14)

Preexisting Medical Conditions

None 44 (75)

Asthma 11 (19)

Immunocompromised statusb 3 (5)

a Data are expressed as No. (%) unless otherwise indicated.
b One case each of the following: chronic myelogenous leukemia,

pharmacological immunosuppression for preexisting diagnosis of systemic
lupus erythematous, and AIDS due to human immunodeficiency virus
infection.
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(>45 mg/dL) in 28 patients (Table 2). Among the 42 patients with
pleocytosis at the time of the initial lumbar puncture, 41 had
white blood cell differential data reported with a predomi-
nance of lymphocytes (n = 29), neutrophils (n = 9), mono-
cytes (n = 2), or mixed (n = 1) (eFigure 4 in the Supplement).

Treatment and Outcome
The majority of patients received intravenous steroids (n = 42),
intravenous immunoglobulin (n = 43), plasma exchange
(n = 13), or a combination of these at some point during the
course of their initial hospitalization for acute flaccid paraly-
sis (Table 2). The data did not allow for systematic assess-
ment of treatment response; however, an acute improve-
ment in motor function was rarely reported after patients
received treatment.

Two children experienced neurological symptom onset
during brief courses of oral steroids for asthma-like symp-
toms; one of these children tested positive for enterovirus D68.
Two patients received pocapavir through a US Food and Drug
Administration emergency investigational drug protocol for
whom recommended weight-adjusted dosing was used; no
change in clinical status was noted.

The degree of motor recovery varied but most patients
remained weak during the extended follow-up period
(Table 3). Among 45 patients with clinical data available, 38
had persistent weakness at a median follow-up of 9 months
(IQR, 3-12 months); complete motor recovery was reported
in only 7 patients, 6 of whom achieved full recovery within
3 months of symptom onset. No neurological relapses were
reported.

Two individuals, aged 55 and 73 years, died within 60 days
of neurological symptom onset. Both of these patients had se-
rious preexisting conditions, including immunosuppression
(human immunodeficiency virus and AIDS; chronic myelog-
enous leukemia).

Infectious Agent Testing
The state laboratory received biological specimens from 45 of
59 patients. Delayed reporting prevented submission of
specimens for the remaining 14 cases. Laboratory test results
are summarized in Table 4 and in eTable 2 in the Supple-
ment. An infectious agent was detected in 20 patients, 15 of
whom had an enterovirus species detected in at least 1 speci-
men source (eg, nasopharyngeal swab, serum sample, stool
swab). Testing from 9 patients yielded sequencing consistent
with enterovirus D68 (1 patient was also positive for cox-
sackievirus A16), whereas testing from the remaining
patients who were positive for enterovirus yielded sequenc-
ing consistent with coxsackievirus B3 (n = 2), coxsackievirus
A6 (n = 1), and insufficient samples for further subtyping
(n = 3).

Enteroviruses were most commonly isolated from a na-
sopharyngeal swab specimen (n = 13), stool specimen (n = 6),
and serum sample (n = 2). Five patients had enteroviruses de-
tected in more than 1 specimen source; only 1 patient was si-
multaneously positive for more than 1 subtype. No viruses were
isolated from cerebrospinal fluid. The timing of sample col-
lection is described in the eResults in the Supplement.

Table 2. Symptoms and Clinical Features of Acute Flaccid Myelitis Cases
of Unknown Etiology in California, June 2012 Through July 2015

Total Cases
(N = 59)a

Prodromal symptomsb

Concurrent or prodromal illness 54 (92)

Fever >38°C 47 (80)

Respiratory symptoms 42 (71)

Gastrointestinal symptoms 38 (64)

Rash 6 (10)

Neurological symptoms

Limb weakness or paralysis 59 (100)

Upper limbs affected 43 (73)

1 limb affected 5 (9)

2 or 3 limbs affected 25 (42)

4 limbs affected 29 (49)

Limb myalgia 41 (69)

Headache at onset of neurological symptoms 29 (49)

Sensory deficit on neurological examination 26 (44)

Neurogenic bowel or bladder 30 (51)

Focal paresthesia 21 (36)

Stiff neck 20 (34)

Respiratory insufficiency requiring intubation 20 (34)

Cranial neuropathy 16 (27)

Altered mental status 13 (22)

Hospital course

Received intravenous immunoglobulin 43 (73)

Received intravenous steroids 42 (71)

Received plasmapheresis 13 (22)

Diagnostic Studies

Cerebrospinal fluid (n = 58)

Pleocytosis (white blood cell count >5/μL) 43 (74)

Protein elevation (>45 mg/dL) 28 (48)

White blood cell count, median (IQR), /μL 41 (5-99)

Protein level, median (IQR), mg/dL 44 (29-70)

Neuroimaging of brain (n = 48)

No supratentorial lesions 33 (69)

Sinus or mastoid inflammation 9 (19)

Type of lesion

Subcortical white matter 9 (19)

Cortical gray matter 6 (12)

Thalamic 4 (8)

Caudate 2 (4)

Cerebellar 2 (4)

Neuroimaging of spine

T2 hyperintensity of spinal gray matter 56 (95)

Lesion >3 vertebral lengths 53 (90)

Spinal cord edema 29 (49)

Spinal gray matter lesion enhancement 23 (39)

Spinal nerve root enhancement 12 (20)

Nerve root thickening or clumping 6 (10)

Paraspinal muscle edema or enhancement 6 (10)

Abbreviation: IQR, interquartile range.
a Data are expressed as No. (%) unless otherwise indicated.
b Onset within 31-day period prior to limb weakness.
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Temporal Trends
Epidemiological data by month and year of focal neurologi-
cal symptom onset appear in Figure 2. The incidence of cases
occurring during the US enterovirus D68 outbreak (August
2014-January 2015; 0.16 cases per 100 000 person-years) was
significantly higher than during other monitoring periods
(0.028 cases per 100 000 person-years; P < .001), as well as
during the same months in 2012 and 2013 (0.029 cases per
100 000 person-years; P < .001).

The incidence of cases occurring during the full surveil-
lance period was 0.049 cases per 100 000 person-years.
Enterovirus D68 was identified in 2 patients in November 2012
and in 7 patients during August 2014 through January 2015;
all had symptom onset during the US enterovirus season (con-
sidered late summer and fall22).

Discussion
In response to sentinel case reports in mid-2012, California
implemented statewide surveillance for acute flaccid paraly-
sis cases manifesting injury to spinal motor neurons, with
efforts spanning a period before, during, and after the 2014
North American outbreak of enterovirus D68. Acute flaccid
myelitis has been occurring in California since at least 2012,
affecting primarily children, and commonly resulting in pro-

longed weakness. The relatively selective localization to the
spinal motor neurons with subsequent denervation and lim-
ited motor recovery suggest direct neuronal injury in a pat-
tern that appears clinically and radiologically similar to infec-
tions with poliovirus, enterovirus A71, West Nile virus, and a
handful of other viral agents.

To our knowledge, we report the first modern estimates
of morbidity and minimum incidence of this syndrome in
California. Our analysis indicates a significant increase in
reported acute flaccid myelitis cases in California during
August 2014 through January 2015, coinciding with the US
enterovirus D68 outbreak and a cluster of acute flaccid myeli-
tis cases in children reported by the Children’s Hospital
Colorado.1,15,23,24 Although we isolated enterovirus D68 from
respiratory specimens, serum samples, stool specimens, or a
mix of these, from 9 patients, we did not detect enterovirus
D68 or any other virus in the cerebrospinal fluid of affected
individuals.

The etiology of acute flaccid myelitis cases in our series re-
mains undetermined. Although the syndrome described is
largely indistinguishable from poliomyelitis on clinical
grounds,25 epidemiological and laboratory studies have effec-
tively excluded poliovirus as an etiology. Alternatively, trans-
verse myelitis, which has a presumed autoimmune etiology,
is clinically and radiologically distinct, typically manifesting
spastic weakness, sensory deficits in relative proportion to the

Table 4. Enterovirus Polymerase Chain Reaction Testing Results for Acute Flaccid Myelitis Cases of Unknown Etiology in California, June 2012 Through
July 2015

No. of Patients
With Specimen
Submitted for
Testing

No. of Patients Who Tested Positive

Enterovirusa Coxsackievirus
Any
Species D68b

Unknown
Subtypec A6 A16 B3

Specimen from ≥1 source 45 15a 9 3 1 1 2

Respiratory specimend 41 13 9b,e,f 1 0 1 2g

Stool specimen 31 6 1b 3f 0 1e 1g

Serum sample 32 2 1b 1 0 0 0

Cerebrospinal fluid 36 0 0 0 0 0 0
a Five patients tested positive from more than 1 specimen source.
b One patient tested positive from nasopharyngeal swab specimens, stool

specimens, and serum samples.
c Specimens with insufficient quantity could not be further subtyped.
d Throat or nasopharyngeal swab.
e One patient tested positive for enterovirus D68 in nasopharyngeal swab

specimens and coxsackievirus A16 in stool specimens.

f Two patients tested positive for enterovirus D68 in nasopharyngeal swab
specimens with untyped enterovirus in stool specimens.

g One patient tested positive for enterovirus B3 in nasopharyngeal swab
specimens and stool specimens.

Table 3. Persistence of Motor Weakness in Patients With Acute Flaccid Myelitis Cases of Unknown Etiology in California, June 2012 Through July 2015

No. of Patients With Persistent Motor Weakness by Month of Follow-up

1 2 3 6 9 ≥12
Patients at or beyond this time point as of September 15, 2015a 59 59 59 59 59 40

Patients for whom clinical follow-up data were availableb 45 43 40 36 29 20

Cumulative No. of patients achieving full motor recovery by time point 1 4 6 6 6 7

Cumulative No. of deaths 1 2 2 2 2 2
a Relative to onset of weakness. Median follow-up was 9 months (interquartile range, 3-12 months).
b Deceased patients were excluded from the total after death was recorded.
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severity of weakness, absence of spinal gray matter predomi-
nance, lower likelihood of longitudinal extension, a more fa-
vorable response to steroids or plasma exchange, and often a
more favorable recovery.26-28

To the best of our knowledge, all previously identified
acute flaccid myelitis cases with a definitively proven etiol-
ogy have had an infectious origin.8 The clinical, radiological,
laboratory, and seasonality patterns in our case series are
reminiscent of the acute flaccid myelitis and encephalitis syn-
dromes that have been observed during outbreaks of entero-
virus species, such as enterovirus A71 and poliovirus.3,8

The decrease in case incidence since January 2015 appears
consistent with a larger, nationwide trend.16 This pattern may
reflect reduced viral transmission after the outbreak, consis-
tent with the periodic outbreaks observed for many enterovi-
ruses, or may result from diminished virulence of the virus or
viruses responsible.

Even when a specific infectious etiology is not identi-
fied, clinical suspicion of an infectious agent represents a
crucial distinction in the early triage of clinical care and
treatment decision, particularly when treatment strategies
for similar clinical syndromes (eg, transverse myelitis) often
call for immune modulation or suppression. The majority of
patients in our series received some form of therapeutic
intervention, although treatments were often administered
after the weakness had stabilized and discernable improve-
ments were rarely reported. The deaths of 2 patients with
preexisting immunosuppression as well as the onset of
paralysis in 2 children receiving oral steroids for asthma-like
exacerbations suggest that immunosuppressive treatment
regimens for patients with acute flaccid myelitis should be
considered cautiously.

The relative prominence of enterovirus D68 in our case
series is unique compared with prior enterovirus surveillance
reports in the United States and India. Nine of the 15 entero-
viruses detected in this California population were typed as
enterovirus D68. In contrast, the National Enterovirus Sur-

veillance System in the United States typed 49 635 viruses
from patients with any clinical manifestation between 1970
and 2005, but detected enterovirus D68 in only 26 cases,
including 1 patient manifesting acute flaccid paralysis in
2005 who had enterovirus D68 detected in cerebrospinal
fluid.29 Similarly, during surveillance for enterovirus species
among patients with acute flaccid paralysis in Southwest
India between 2009 and 2010, enterovirus D68 was com-
pletely absent among the 415 enteroviruses identified.30

A related report reveals that all sequenced enterovirus
D68 strains from patients with acute flaccid myelitis in both
California and Colorado correspond to a novel clade, which
emerged approximately 4.5 years ago and shares homology
with poliovirus and enterovirus 70.1 Historically, enterovirus
D68 has manifested as a purely respiratory illness in the
majority of patients and is rarely identified as an enterovi-
rus; however, it may be misdiagnosed as rhinovirus due to
substantial cross-reactivity in diagnostic testing.31 Since
2005, however, enterovirus D68 has been detected in the
cerebrospinal fluid of at least 2 patients with acute flaccid
paralysis.9,29 Interpreted together, these findings suggest
the possibility of a broader manifestation of enterovirus D68
associated neurological illness than previously recognized.

Enterovirus D68 is unique among enteroviruses in that it
shares features with rhinoviruses, causes respiratory illness,
and is shed primarily from the respiratory tract.32,33 Although
enterovirus D68 has been previously isolated from the cere-
brospinal fluid of patients with acute flaccid paralysis,8,34

demonstrating a causal link between enterovirus D68 and
acute flaccid myelitis, our case series is complicated by an
inability to detect the virus in cerebrospinal fluid specimens.
This difficulty in detection is nonetheless consistent with the
experience of other enterovirus species, most notably polio-
viruses and enterovirus A71, which are rarely detected in the
cerebrospinal fluid of similarly affected patients.35,36 Among
patients in our case series, acute enterovirus D68 viremia
was detected in 1 patient.1 Viremia appears to be a necessary

Figure 2. Epidemiological Data for 59 Patients With Acute Flaccid Myelitis of Unknown Etiology in California,
June 1, 2012, Through July 31, 2015
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prelude to central nervous system invasion by neuropatho-
genic enteroviruses, such as poliovirus.24

To our knowledge, the California surveillance program for
acute flaccid paralysis is the first to use specific case criteria and
report subsequent incidence data for the subset of paralysis
cases attributable solely to acute flaccid myelitis and may serve
as a guide for similar surveillance efforts in the future.8 Whether
the cases reported across this surveillance period represent an
increase from incidence prior to 2012 is unclear; however, a
study of California children conducted from 1992 through 1998
did not identify any instances of spinal gray matter involve-
ment in 245 identified cases of acute flaccid paralysis.37

The paucity of preexisting incidence data for this syn-
drome is due partly to a lack of spinal imaging in prior eras of
surveillance; however, problematic terminology may have
also contributed to this knowledge gap. Indeed, the patients
in our series were variably described by clinicians, epidemi-
ologists, and others as having transverse myelitis, poliomy-
elitis, polio-like paralysis, Hopkins syndrome, or acute flac-
cid paralysis.8,11,37 These terms are often correctly applied yet
remain unnecessarily vague or etiologically misleading. Acute
flaccid myelitis offers an appropriately descriptive term for the
syndrome.8

Our study limitations include the voluntary nature of re-
porting, which probably underestimates the overall inci-
dence of this syndrome. Our dependence on noncentralized

interpretation of MRIs requires radiologists to both recognize
and transcribe a potentially subtle or unusual radiographic pat-
tern in the MRI report. Similarly, although we received bio-
logical samples for most patients, delayed sample acquisition
likely contributed to a lower overall yield of testing for pos-
sible infectious agents.

In addition, our follow-up data are limited by the rela-
tively high number of patients who were lost to follow-up,
which may bias our clinical follow-up data toward more se-
vere impairment. Both recent and historical experience sug-
gest that not all strains convey the same degree of neuroviru-
lence even within the same family of viruses,1,8,38 limiting our
ability to generalize existing knowledge of enteroviruses to the
reported cases. Ongoing surveillance efforts are required to un-
derstand the full and potentially evolving levels of infectious
agent–associated morbidity and mortality.

Conclusions
In this series of patients identified in California from June 2012
through July 2015, clinical manifestations indicated a rare but
distinct syndrome of acute flaccid paralysis with evidence of
spinal motor neuron involvement. The etiology remains un-
determined, most patients were children and young adults, and
motor weakness was prolonged.
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