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Abstract Approximately 80% of individuals infected with
West Nile virus (WNV) are asymptomatic, and less than 1%
suffer from neuroinvasion that can result in permanent neuro-
logical deficits or mortality. Our institution’s location in south-
ern California predisposes it to a sizable case volume of
neuroinvasive WNV. A 2-year retrospective study was per-
formed at the Olive View-UCLA Medical Center to identify
patients with confirmed WNV infection with neuroinvasion.
Patient demographics, neurological exam findings, and labo-
ratory diagnostics were reviewed. Data were tabulated and are
presented as percentage, mean ± standard deviation, ormedian
[range]. Twenty-two patients (36.4% female, age
50.2 ± 10.6 years) were identified between 20 August 2012
and 24 September 2013. The most common positive findings
on review of symptoms included fever (81.8%), nausea/
vomiting (81.8%), and headache (68.2%). Thirteen patients
(59.1%) presented with fever defined as ≥ 37.8 °C. Motor
strength was reduced in nine patients (40.9%) and eight pa-
tients (36.4%) were hyporeflexive. Lumbar puncture was per-
formed in all but three patients (cerebrospinal fluid [CSF]
protein 76.8 ± 29.6 mg/dL and glucose 71.0 ± 18.8 mg/dL).
Elevated CSF anti-WNV IgM and IgG antibody was detected
in 93.8% and 62.5% of the 16 tested cases, respectively.
Elevated serum anti-WNV IgM and IgG antibody was detect-
ed in 100% and 72.2% of the 18 tested cases, respectively.
Encephalitic presentations, with or without focal neurological

deficits (e.g., motor weakness, hypotonia), dominated this se-
ries. In endemic areas, seasonal presentation of such symp-
toms should raise suspicion for WNV with neuroinvasion.
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Introduction

West Nile virus (WNV), a Flavivirus genus member of the
Japanese encephalitis virus antigenic complex, was first iso-
lated in a blood sample in a patient from the West Nile prov-
ince of Uganda in 1937 [1]. Since its introduction in North
America in 1999, WNV has produced the three largest
arboviral neuroinvasive disease outbreaks ever recorded in
the United States (U.S.) that caused 62 cases of encephalitis
and seven deaths [2]. WNV is now endemic throughout the
contiguous U.S., with 16,196 neuroinvasive cases and 1549
deaths reported since 1999; more than 780,000 illnesses have
likely occurred [3]. For the purposes of this study,
neuroinvasion was defined as presenting symptoms of menin-
gitis, encephalitis, or acute flaccid paralysis [3]. Since 2000,
the ArboNET national surveillance system has tracked WNV
in the U.S., and it is now the leading cause of domestically
acquired arboviral disease [4].

Approximately 80% of individuals infected with WNVare
asymptomatic, and less than 1% suffer from neuroinvasion
that can result in permanent neurological deficits or mortality
[5]. Our institution’s location predisposes it to a sizable case
volume of neuroinvasive WNV, and the aim of this study was
to characterize the presenting features, hospital course, and
clinical sequelae of a southern California cohort of patients
diagnosed with this disease.
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Methods

A 2-year retrospective study (2012–2013) was performed at
the Olive View-UCLA Medical Center in Sylmar, California
(a WNV endemic area), to identify patients with confirmed
WNV infection with neuroinvasion. This retrospective chart
review study complied with the principles of the Declaration
of Helsinki (1964). This retrospective case series study re-
ceived approval from the UCLA IRB (IRB No. 16-000791).
Laboratory diagnostic criteria for WNV infection included the
detection of elevated WNV-specific IgM antibodies in the
blood and/or CSF specimens. Detection of anti-WNVantibod-
ies was performed using DxSelect™ enzyme-linked immuno-
sorbent assay performed at Focus Diagnostics, Inc. (Cypress,
CA). Patient demographics, neurological exam findings, and
laboratory diagnostics were reviewed. Statistical analysis was
performed in Intercooled Stata version 9.2 (Stata Corp.,
College Station, TX). Data were tabulated and are presented
as percentage, mean ± standard deviation, or median [range].

Results

Twenty-two patients (36.4% female, age 50.2 ± 10.6 years)
were identified between August 2012 and September 2013.
The most common positive findings on review of symptoms
included fever (81.8%), nausea/vomiting (81.8%), and head-
ache (68.2%). Thirteen patients (59.1%) presented with fever
defined as ≥ 37.8 °C. In regard to the three clinical presenting
symptoms described by Bneuroinvasion,^ 13 patients had an
encephalitic presentation (59.1%), five patients had a flaccid
paralytic presentation (22.7%), and four patients had a men-
ingitic presentation (18.1%). Table 1 summarizes patient de-
mographics, review of symptoms, and vital signs upon pre-
sentation to the emergency room. Figure 1 displays the month-
ly incidence of hospital admissions for neuroinvasive WNV
and monthly mean temperatures [6] during the study period.

Lumbar puncture was performed in all but three patients.
The cerebrospinal fluid (CSF) analysis revealed protein
76.8 ± 29.6 mg/dL [reference 15–45 mg/dL] and glucose
71.0 ± 18.8 mg/dL [reference 40–70 mg/dL]. Elevated CSF
anti-WNV IgM and IgG antibody was detected in 93.8% and
62.5% of the 16 tested cases, respectively. Elevated serum
anti-WNV IgM and IgG antibody was detected in 100% and
72.2% of the 18 tested cases, respectively. Table 2 summarizes
the cerebrospinal fluid and blood test results.

On neurological exam, motor strength was reduced in nine
patients (40.9%) and eight patients (36.4%)were hyporeflexive.
Table 3 summarizes the neurological exam findings upon hospi-
tal admission and discharge, as well as at post-hospitalization
follow-up in a cohort of five patients (median follow-up 25days,
range 9–38 days). One patient presented with a cranial nerve III
palsy that persisted at the time of discharge (hospital day 9). Two

patientspresentedwith a flaccidparaplegia that resolvedbypost-
hospital follow-up. Two patients underwent electroencephalog-
raphy that demonstrated diffuse slowing. None of the patients
experienced a clinical seizure. There was a significant reduction
in the modified Rankin Scale (mRS) score from hospital admis-
sion (median 1.5) to discharge (median 1), p = 0.02 (Wilcoxon
rank-sumtest).ThemRSscore improvedor stayed thesameafter
the time of discharge in the five patients who were assessed in
follow-up clinic (4→ 4, 3→ 0, 3→ 0, 3→ 2, and 1→ 1).

Twelve patients (54.5%) were empirically treated with acy-
clovir for 1.4 ± 0.7 days prior to determination of the final
diagnosis. Eighteen patients (81.8%) were empirically treated
with antibiotics for 1.8 ± 0.6 days. In two cases (9.1%), intra-
venous immunoglobulin was administered. The majority of
patients (77.3%) were discharged home after a mean length
of stay of 14.7 ± 17.9 days [range 2–75 days], while 18.2%
were discharged to an acute rehabilitation unit and one was
discharged to a skilled nursing facility. Pearson’s correlation
analysis of age and length of stay revealed no significant as-
sociation (r = 0.18, p = 0.43). Table 4 summarizes the inter-
ventions, discharge disposition, and hospital length of stay.

Four patients (18.2%) underwent electromyelogram (EMG)/
nerve conduction study (NCS). The baseline and 8-month fol-
low-up EMG/NCS results for the patient who was intubated in
the emergency room are presented in Table 5. The initial EMG/
NCS in this patient demonstrated decreased amplitude but nor-
mal conduction velocity (CV) in the peroneal nerve, whereas
both amplitude and CV were normal in the tibial nerve. EMG
demonstratednoinsertionalactivity ineithernerve,butvoluntary
motor activity was absent in both. The second EMG/NCS at 8-
month follow-up demonstrated unrecordable sensory andmotor
action potentials due tomotor weakness and neuropathy, mostly

Table 1 Patient demographics, review of symptoms, and temperature
upon presentation to the emergency room (data presented as percent or
mean ± standard deviation)

Age (years) 50.2 ± 10.6

Sex (female) (%) 36.4

Duration of presenting symptoms (days) 6.9 ± 7.0

Symptoms (at initial presentation) (%)

Fever/chills 81.8

Nausea/vomiting 81.8

Headache 68.2

Dizziness 40.9

Decreased level of consciousness 31.8

Myalgias 27.3

Confusion 4.5

Findings at initial physical examination

Skin rash (%) 13.6

Signs of meningismus (%) 18.2

Temperature (°C) 37.3 ± 0.9

Maximum temperature in initial 24 h (°C) 38.1 ± 0.8
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of an axonal type. The EMG demonstrated positive insertional
activities, fibrillations, and positive sharp waves. Voluntary

motor units were absent because the patient was very weak and
could not generate voluntary action potentials. In summary, the

Table 2 Cerebrospinal fluid and blood test results (data presented as percent or mean ± standard deviation)

Cerebrospinal fluid and blood test results Value Reference

Cerebrospinal fluid analysis (n = 19 unless otherwise specified)

Protein (mg/dL) 76.8 ± 29.6 15–45

Glucose (mg/dL) 71.0 ± 18.8 40–70

Red blood cell count (cells/μL) 91.1 ± 283.7 0

White blood cell count (cells/μL) 134.7 ± 218.2 0–10

Differential: neutrophils (%) 35.5 ± 31.3 0–2

Differential: lymphocytes (%) 50.9 ± 34.3 40–80

Differential: monocytes (%) 7.7 ± 6.3 14–45

WNV IgG titer (n = 16) 1.9 ± 0.7 < 1.3 (equivocal antibody detection 1.30–1.49)

WNV IgM titer (n = 16) 5.3 ± 1.7 < 0.9 (equivocal antibody detection 0.9–1.1)

Serology (n = 18)

WNV IgG titer 2.4 ± 1.0 < 1.3 (equivocal antibody detection 1.30–1.49)

WNV IgM titer 5.0 ± 0.7 < 0.9 (equivocal antibody detection 0.9–1.1)

Initial blood work (n = 22)

Red blood cell count (× 106 cells/μL) 4.6 ± 0.6 4.3–5.8

White blood cell count (× 103 cells/μL) 10.1 ± 3.6 3.8–10.9

Differential: neutrophils (%) 76.6 ± 10.7 1.6–8.4

Differential: lymphocytes (%) 14.2 ± 7.5 0.6–4.9

Differential: monocytes (%) 8.3 ± 3.8 0.1–1.2

Hemoglobin (g/dL) 14.2 ± 1.7 13.6–17.3

Hematocrit (%) 42.1 ± 5.3 39.8–50.7

Platelets (× 103/μL) 208.4 ± 88.8 141–401

Blood urea nitrogen (mg/dL) 14.1 ± 8.6 8–20

Creatinine (mg/dL) 1.0 ± 0.6 0.6–1.3

Fig. 1 Monthly incidence of
hospital admissions for
neuroinvasive West Nile virus
(WNV) and monthly mean tem-
perature (°C) during the study
period
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patient’s electrodiagnostic studies provided objective evidence
of her poor neurological status since hospital discharge.

Discussion

Transmission of WNV to humans occurs predominantly
after a bite from an infected mosquito, although when
asked, the patients/family members in this study could
not identify if/when they had been bitten by a mosquito.
Approximately one in 150 patients infected with WNV
develops central nervous system manifestations, includ-
ing meningitis, encephalitis, and acute flaccid paralysis/

Table 3 Neurological exam
findings (data presented as
percent or median [range])

Initial exam
(n = 22)

Discharge exam
(n = 22)

Follow-up exam
(n = 5)

Cranial nerve deficits (%) 4.5 (CN III palsy) 4.5 (CN III palsy) 0a

Motor power (scale 0–5)

Proximal LUE 5 [1–5] 5 [3–5] 5 [3–5]

Distal LUE 5 [1–5] 5 [4–5] 5 [4–5]

Proximal RUE 5 [3–5] 5 [0–5] 4 [0–5]

Distal RUE 5 [3–5] 5 [0–5] 5 [0–5]

Proximal LLE 5 [2–5] 5 [1–5] 5 [4–5]

Distal LLE 5 [2–5] 5 [2–5] 5 [4–5]

Proximal RLE 5 [2–5] 5 [1–5] 4 [4–5]

Distal RLE 5 [2–5] 5 [2–5] 5 [4–5]

Muscle tone (flaccid) (%)

LUE 4.5 4.5b 0c

RUE 4.5 4.5b 0c

LLE 4.5 4.5b 0c

RLE 4.5 4.5b 0c

Deep tendon reflexes (scale 0–4)

LUE 2 [0–3] 2 [0–2] 2 [1–2]

RUE 2 [1–3] 2 [0–2] 2 [0–3]

LLE 2 [0–3] 2 [0–3] 2 [1–3]

RLE 2 [0–3] 2 [0–3] 1 [1–3]

Modified Rankin Scale (scale 0–6) (%)

0 0 31.8 (n = 7) 40 (n = 2)

1 50 (n = 11) 45.5 (n = 10) 20 (n = 1)

2 27.3 (n = 6) 0 20 (n = 1)

3 9.1 (n = 2) 13.6 (n = 3) 0

4 9.1 (n = 2) 9.1 (n = 2) 20 (n = 1)

5 4.5 (n = 1) 0 0

6 0 0 0

a The patient with CN III palsy was not part of the follow-up cohort
b Same patients
c All patients with flaccid tone during hospitalization were part of the follow-up cohort

CN cranial nerve, L left, LE lower extremity, R right, UE upper extremity

Table 4 Interventions, discharge disposition, and length of stay (data
presented as percent or mean ± standard deviation)

Administration of antibiotics (%) 81.8

Duration of antibiotics (days) 1.8 ± 0.6

Administration of acyclovir (%) 54.5

Duration of acyclovir (days) 1.4 ± 0.7

Administration of intravenous immunoglobulin (%) 9.1

Discharge disposition (%)

Home 77.3

Acute rehabilitation unit 18.2

Skilled nursing facility 4.5

Hospital length of stay (days) 14.7 ± 17.9
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poliomyelitis appearance. During the study period, we
found that the incidence was highest from mid-August
to October in the first year and from July to September
in the second year. The earlier incidence of cases in the
second year might be explained by the slightly elevated
mean monthly temperatures in March, April, May, and
June of that year compared to those in the first year. A
2012 mathematical model study by Hartley et al. of the
spatiotemporal dynamics of WNV transmission from
2003 to 2009 in California demonstrated that the
Btemperature-dependent ratio of virus extrinsic incuba-
tion period to the mosquito gonotrophic period^ and the
Bfundamental reproductive ratio^ correlated with the in-
tensity of WNV transmission [7]. Temperature-based
factors that favor the increase of the Culex sp. mosquito
populations, the most common species of mosquitoes in
the greater Los Angeles, California area, should be con-
sidered to increase the risk of WNV infections. In the
current study, men had a slightly higher incidence com-
pared to women. The most common signs and symptoms
were fever, nausea/vomiting, and headache, and to a less-
er extent, dizziness, myalgias, and confusion.

The diagnosis of neuroinvasiveWNVin this studywas based
on the detection of WNV-specific IgM antibodies in patient se-
rum or cerebrospinal fluid. It should be noted that antigenic sim-
ilarities among members of the Flavivirus genus render anti-
WNVIgM-baseddetectionmethodssusceptible tocross-reactiv-
ity, and thus potential false-positive results in the diagnosis of
WNVinfection. For example, a 2011 study by Papa et al. evalu-
ated 22 patients (who were unvaccinated for Japanese encepha-
litis virus [JEV], yellow fever virus [YFV], and tick-borne en-
cephalitis virus [TBEV]) who were suspected of having acute
neuroinvasive WNV, and their 27 samples (25 sera and two
CSF)all testedpositive forWNVIgM(and44.4%testedpositive
forWNV IgG); the cut-offs for a positive test in that study were
≥1.1 for IgMand≥1.5 for IgG[8]. In those22patients,0%tested
positive for TBEV IgM, 9.1% tested positive for TBEV IgG,
77.2% tested positive for Dengue virus (DENV) IgM, and
18.2%testedpositive forDENVIgG[8]. In this regard, eliminat-
ing cross-reactivity using antisera that are elicited by other
flaviviruses may help to reduce the cross-reactivity and thus the

false-positive rate of a WNV serological diagnosis [9, 10]. The
WNV incidence rate in southern California is less than that of
JEV, YFV, TBEV, and DENV [11], which reduces the potential
for a false-positive diagnosis of neuroinvasive WNV in the cur-
rent series although it cannot be totally ruled-out. The relation-
shipbetweentheemergenceofZikavirus (anothermemberof the
Flavivirus genus) in the continental United States and possible
cross-reactivity with anti-WNVantibodies used in routine diag-
nostic testing will need to be further explored over time.

A smaller study of seven patients inMontana reported a pre-
dominance of CSF neutrophilia instead of a lymphocytic
pleocytosis, with 85.7% of patients having a CSF neutrophil
differential greater than 50%; the percentage of patients in our
series meeting this definition of neutrophilia was 36.8% [12].
That study also reported a mean serum WBC of 10.5 × 109/L
(10.1 × 109/L in our series) and 85.7% of patients with serum
sodiumless than135mmol/L(45.5%inour series).Theyposited
that the neutrophilic predominance may have been due to the
early sampling of CSF within 3.5 days (6.9 days in our series),
on average, after symptom onset [12]. In 2007, Arjona and col-
leagues reported that patients suffering from acute WNV infec-
tion presented with increased levels of the proinflammatory cy-
tokine macrophage migration inhibitory factor (MIF) in their
plasma and CSF [13]. They confirmed the role ofMIF inWNV
neuroinvasion by studying MIF knock-out mice, which com-
pared to wild-type mice had a reduced viral load and inflamma-
tory response in the brain that were found to be due to MIF-
mediated compromise of the blood-brain barrier integrity [13].
We did not evaluate MIF levels in the plasma or CSF of the
patients reported in this series.

The neurological exam improved in most patients from initial
presentation to discharge, in regard to motor strength and deep
tendon reflexes. Although disease severity is usually related to
advanced age, there was no significant correlation between age
and LOS in this study. The majority of patients were discharged
to home. However, 80% of patients at follow-up still had residual
weakness at a median of 25 days post-discharge, not inconsistent
with the finding froman acute rehabilitation unit of 0%of patients
being discharged with full recovery [14]. The main discrepancy
between the residual weakness rate in our series and the 37% re-
ported from theHoustonWestNile Cohort is that the follow-up in

Table 5 Initial and follow-up EMG/NCS findings in right lower extremity of a 66-year-old female patient who was intubated in the emergency room
for airway protection

CMAP SNAP EMG

Peroneal (EDB) Tibial Sural Superficial peroneal Tibialis anterior Gastroc.

Initial ↓ Amp
Normal CV, DL

Normal Amp, CV, DL NR NR Normal IA, absent vMUAP Normal IA, absent vMUAP

8-month follow-up NR NR NR NR 3+ IA, Absent vMUAP 3+ IA, absent vMUAP

Amp amplitude, CMAP compound motor action potential, CV conduction velocity, DL distal latency, EDB extensor digitorum brevis, EMG electro-
myogram, Gastroc. gastrocnemius, IA insertional activity, vMUAP volitional motor unit action potential, NCS nerve conduction study, NR not record-
able, SNAP sensory nerve action potential
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that studywas1–3years [15], suggesting that thepatients fromthis
cohortmaygoontoregainfullmotorstrengthovera longerfollow-
up time period. The rate and degree of recovery, however, is vari-
able, as demonstrated byCao and colleagues in 2005 [16].

With respect to morbidity and mortality, no fatalities were
observed in this cohort, which is in contrast to the fatality rate
reported in other case series [17]. Sixty percent of the patients
who had post-hospital neurology follow-up fully recovered, and
20%had chronic complaints of fatigue or headaches.These rates
are lower thanthosereportedfromtheNewYorkCityoutbreakof
1999 [18, 19]. The lower fatality rate may be explained by in-
creasing recognition of the presenting symptoms of
neuroinvasive WNV. Using a WNV strain collected during the
2000 outbreak in New York City, in 2016, Grubagh and col-
leagues demonstrated that recovered viral populations from avi-
an cells infectedwithWNVhadahighermutational load relative
to the input virus [20]. It is unclear if decreased relative fitness of
WNV in the human host could be explained by genetic drift
during host switching from the mosquito vector. The number of
patients in thisstudypresentingwithconfusionwaslow,butmore
thanhalf of thepatients had an abnormal neurological exam.The
MRI findings of the patients described in this study have been
reported separately [21].

Themajor limitation of this study is its retrospective nature. An
attempt to reduce bias was made by consecutively including all
patients in a given time period with diagnostic evidence of
neuroinvasiveWNVbased onCDC criteria. However, controlling
for different variables related to diagnosis, neurological exam, and
follow-upwasnotpossible.Forexample,clinicallyrelevantrisksfor
predisposition to neuroinvasive WNV (whether the patients were
immunocompromised and/or had a history of domestic or interna-
tional travel to high risk areas) could not be uniformly studied.

Encephalitic presentations, with or without focal neurolog-
ical deficits (e.g., motor weakness, hypotonia), dominated this
series. Patients had peripheral and central nervous system in-
volvement. Despite the low fatality rate reported in this series,
neuroinvasive WNV can cause significant morbidity and re-
mains an important cause of infectious meningoencphalitis
and infectious neurological disease in humans. In endemic
areas, seasonal presentation of such symptoms should raise
suspicion for WNV with neuroinvasion.
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