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Abstract

Background: West Nile virus (WNV) infections have become increasingly prevalent in certain European countries,
including Hungary. Although most human infections do not cause severe symptoms, in approximately 1% of cases
WNV infections can lead to severe WNV neuroinvasive disease (WNND) and death. The goal of our study was to
assess the neurological status changes of WNV –infected patients admitted to inpatient care and to identify
potential risk factors as underlying reasons for severe neurological outcome.

Methods: We conducted a retrospective chart review of 66 WNV-infected patients from four Hungarian medical
centers. Patients’ neurological status at hospital admission and at two follow-up intervals (1st follow-up, within 60–
90 days and 2nd follow-up, within 150–180 days, after hospital discharge) were assessed. All of the 66 patients in
the initial sample had some type of neurological symptoms and 56 patients were diagnosed with WNND. The
modified Rankin Scale (mRS) and the West Nile Virus Neurological Index (WNV-N Index), a scoring system designed
for the purpose of this study, were used for neurological status assessment. Patients were dichotomized into two
categories, “moderately severe” and “severe” based on their neurological status. Descriptive analysis for sample
description, stratified analysis for calculation of odds ratio (OR) and logistic regression for continuous input variables,
were performed.

Results: The average number of days between the onset of neurological symptoms and hospital admission (the
neurological symptom interval) was 6.01 days. Complications during the hospital stay arose in almost a fifth of the
patients (18.2%) and 5 patients died. Each day’s increase in the neurological symptom interval significantly
increased the risk for developing a severe neurological status following hospital admission (0.799-fold and 0.688-
fold, based on the WNV-N Index and mRS, respectively). Patients’ age, comorbidity, presence of complications and
symptoms of malaise, and gait uncertainty were shown to be independent risk factors for severe neurological
status.
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Conclusions: Timely hospital admission of patients with neurological symptoms as well as risk assessment by
clinicians - possibly with an optimal assessment tool for estimating neurological status- could improve the
neurological outcome of WNV-infected patients.

Keywords: West Nile virus infection, West Nile neuroinvasive disease, Neurological outcome, Modified Rankin scale,
Emergency department

Background
West Nile virus (WNV) has become an endemic source
of disease in a number of countries worldwide [1]. Al-
though most human infections are asymptomatic or can
be characterized as a mild disease, in rare cases WNV
infections can lead to severe neuroinvasive disease and
death [2]. Increasing trends in WNV infections have
been reported in certain European countries, including
Hungary, between 2014 and 2018 [3]. Compared to the
average number of cases in preceding years, there was a
10-fold increase in 2018, with the Central and Eastern
counties of Hungary being mostly affected [4, 5].
The WNV is a flavivirus and it is transmitted to

humans by mosquito-bites, thus, causing a zoonotic dis-
ease [6]. Approximately 80% of patients infected by
WNV remain asymptomatic and about 20% develop
West Nile Fever, a mild, flu-like disease [2]. 1% of all in-
fections results in West Nile neuroinvasive disease
(WNND), which may manifest itself as meningitis, en-
cephalitis, meningoencephalitis or acute flaccid paresis
(AFP) [7]. WNND is a serious disease, with a mortality
rate between 10 and 30%, and often leads to different
forms of disability or deficit, even after recovery from
the acute illness [2].
Studies investigating long-term prognosis after

WNND, have shown that full neurological recovery
could be as low as 37% after 12 months, and most pa-
tients (86%) who had suffered from encephalitis still had
abnormal neurological exam findings up to 1–3 years
later [8, 9].
Assessing risks for disease outcome is important for

clinicians, particularly in WNND, where lack of timely
or adequate supportive therapy may lead to lingering
neurological symptoms and even long-term disabilities.
Age, male gender and ongoing chronic illnesses, such as
hypertension as risk factors, have been shown to be as-
sociated with developing WNND, while age, congestive
heart failure, chronic hepatitis and neoplasm have been
found to be risk factors for death [10, 11]. Investigations
taking into account various parameters related to the pa-
tients and aimed at identifying potentially novel risk fac-
tors greatly enhance knowledge related to optimal
medical care for WNND patients.
The goal of our study was to analyze the neurological

status of West Nile Virus –infected patients upon

hospital admission and to assess changes in their status
after a short-term follow-up period, using one estab-
lished and one novel neurological assessment tool. By
collecting data regarding patients’ demographic, symp-
tomatic, diagnostic and treatment-related characteristics,
it was also our objective to identify potential risk factors
as underlying reasons for severe neurological outcome.

Methods
Study design
The authors obtained ethical approval to conduct the in-
vestigation. A retrospective chart review was carried out
on patients with a laboratory-confirmed diagnosis of
West Nile virus disease admitted to four Hungarian
medical centers (Somogy County Kaposi Mór Teaching
Hospital, Békés County Central Hospital, the Albert
Szent-Györgyi Healthcare Centre of the University of
Szeged and the Fejér County St George Teaching
Hospital) found in counties afflicted moderately or
highly with West Nile fever or WNND (based on data
from 2018) [12]. Patients aged > 18 years old, admitted
to any of the four previously indicated Hungarian
regional medical centers within a 5-year study period
(31.12.2014–01.01.2020.) with laboratory-confirmed
West Nile virus infection were included in the study. A
total of 66 patients were identified in our study.

WNV laboratory testing
WNV infections are defined as laboratory confirmed or
probable cases according to the European Union’s case
definition criteria 2012/506/EU [13]. For laboratory case
confirmation at least one of the following four criteria
must be met: 1. Isolation of the virus from blood or
cerebrospinal fluid (CSF); 2. detection of WNV nucleic
acid in blood or CSF; 3. detection of WNV specific IgM
antibodies in CSF; 4. detection of anti-WNV IgM anti-
bodies in high titre and detection of anti-WNV IgG anti-
bodies, and confirmation by neutralization. The
presence of WNV specific antibodies in a serum sample
allows probable case classification.
The laboratory diagnosis of acute human WNV cases

included both serological and molecular biological
methods, performed only at the National Reference La-
boratory for Viral Zoonoses (National Public Health
Center; Budapest, Hungary).
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For detection of virus-specific antibody response, in-
cluding IgG, IgM and IgA determination, in house
indirect-immunofluorescent assay and capture IgM
ELISA test (Enzyme-Linked Immunosorbent Assay;
Focus Diagnostics, DiaSorin Molecular LLC, Cypress,
CA, USA) were used. Testing for other endemic flavi-
viruses, such as Tick-borne encephalitis virus (TBEV)
and Usutu virus (USUV) were also an integral part of
the differential diagnostic algorithm, as serological-cross
reactivity is the major challenge of laboratory assays
based on flavivirus-antibody determination [14–17].
For confirmation WNV microneutralization-assay was

carried out, according to a protocol described elsewhere
with minor modifications [18].
Serum and CSF specimens were collected for sero-

logical diagnostic tests, while in cases where
anticoagulant-treated whole blood and/or urine samples
were available, viral nucleic acid amplification tests were
also performed. A real-time reverse-transcription poly-
merase chain reaction (RT-PCR) targeting a conserva-
tive, untranslated region of the viral genome allows the
rapid detection of lineage 1 and lineage 2 WNV RNA.
For verification a nested RT-PCR method, comprising
other sets of oligonucleotides was used, followed by
amplicon-based bidirectional Sanger sequencing. Se-
quences were regularly submitted to the NCBI (National
Center for Biotechnology Information) GenBank data-
base [19].

Data collection and analysis
Data from the medical records was collected from the
databases of the four medical centers by the study
investigators.
Collected data included (1.) demographic characteris-

tics: age, gender (2.) medical history: ongoing illnesses
and relevant medications (3.) clinical features: presenting
general and neurological symptoms, onset of neuro-
logical symptoms (4.) diagnostic and therapeutic inter-
ventions (5.) complications and length of hospital stay
(5.) neurological follow-up data.
Information regarding ongoing illnesses (chronic kid-

ney disease, liver disease, hypertension, chronic alcohol-
ism, asthma, chronic obstructive pulmonary disease,
diabetes mellitus, heart disease, cancer, autoimmune and
neurological diseases) as well as relevant (immunosup-
pressive) medication were gathered.
We determined the number of days between the onset

of neurological symptoms and hospital admission.
Presenting symptoms included all general and neuro-

logical symptoms which patients had at hospital admis-
sion and/or at the first detailed physical (including
neurological) examination within 24 h of admission.
Data regarding neurological symptoms and status were

assessed in detail at both presentation and follow-up,

based on the principles of the Neuropathy Impairment
Score (NIS) [20] (which was published as the revision of
the Neuropathy Disability Score (NDS) [21]), but with
broader categories for the purpose of our study: muscle
strength, reflexes and sensory alterations were evaluated.
Meningitis was diagnosed if cerebrospinal fluid (CSF)

pleocytosis or acute infection (confirmed by PCR, culture
or serology) alone or combined with clinical evidence of
meningeal inflammation or acute infection, fever,
hypothermia, or neuroimaging findings consistent with
acute meningeal inflammation were present. Encephalitis
was defined as altered level of consciousness and at least
two of the following: additional evidence of central ner-
vous system inflammation plus neuroimaging findings
consistent with acute inflammation or acute demyelin-
ation, presence of focal neurologic deficit, electroenceph-
alography findings consistent with encephalitis,
generalized or partial seizures [7, 22]. When criteria for
both meningitis and encephalitis were met, the cases were
classified as meningoencephalitis. The definition of acute
flaccid paresis included acute onset of limb weakness and
at least two other findings: asymmetric to weakness, are-
flexia/hyporeflexia of affected limb(s), absence of pain,
paresthesia, or numbness in affected limb(s), CSF pleocy-
tosis and elevated protein levels, electrodiagnostic studies
consistent showing anterior horn cell process or spinal
cord magnetic resonance imaging documenting abnormal
increased signal in the anterior gray matter [7, 22].
In order to facilitate the evaluation of patients’ neurological

status upon admission and at follow-up, two assessment
scales were used. One assessment scale, the modified Rankin
scale (mRS) [23, 24] has been widely-used for assessing pa-
tients’ functional status after stroke and meningitis in previ-
ous studies. The scoring system of the mRS is shown in
Table 1.The other assessment scale, called the West Nile
Virus Neurological Index (WNV-N Index) was developed by
our research team specifically for the purpose of this study.
Points were assigned for each neurological symptom often
present in a WNV infection affecting the Central Nervous
System. Based on the number and degree of their neuro-
logical symptoms, each patient received a WNV-N Index
value (at both admission and at follow-up, where possible).
Patients were given “0” points for not having a certain neuro-
logical symptom, or if the examined neurological parameter
was normal. The maximal total number of points, that could
be given, was 25.5 points. The scoring system for the mRS
has been described previously [23]. The scoring system for
the WNV-N Index is shown in Table 2.
Patients were dichotomized into two categories, ac-

cording to their mRS and WNV-N Index scores.
Based on their mRS values, patients were considered

to have (1.) moderately severe neurological status with
a score below 3 and (2.) severe neurological status with
a score of 3 or above.
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Table 1 Modified Rankin Scale (mRS) [25]

Score Description

0 No symptoms

1 No significant disability despite symptoms; able to carry out all usual duties and activities

2 Slight disability: unable to carry out all previous activities, but able to look after own affairs without assistance

3 Moderate disability: requiring some help, but able to walk without assistance

4 Moderately severe disability; unable to walk and attend to bodily needs without assistance

5 Severe disability; bedridden, incontinent and requiring constant nursing care and attention

6 Dead

Table 2 Scoring system for the WNV-N Index

Neurological symptom assigned points

Localisation of muscle weakness normal 0

lower body 0.5

upper body 0.25

lower body +upper body 1

Degree of muscle weaknessa normal 0

25% weak 1

50% weak 2

75% weak 3

can just move against gravity 3.25

can just move with gravity eliminated 3.5

muscle contraction can be felt or seen but no visible movement 3.75

paralysis 4

Reflex involvement (decreased/absent) yes 1

no 0

Sensory involvement (decreased/absent) yes 1

no 0

Dizziness yes 1

no 0

Gait uncertainty yes 0.5

no 0

Tremor yes 0.5

no 0

Photophobia yes 0.5

no 0

Speech impairment yes 0.5

no 0

Slow speech yes 0.5

no 0

Confusion, altered mind state yes 0.5

no 0

Diplopia yes 0.5

no 0

Headache yes 0.5

no 0
a Based on the principles of the Neuropathy Impairment Score [20]
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Based on their WNV-N Index, patients were consid-
ered to have (1.) moderately severe neurological status
with a score below 2.25 and (2.) severe neurological
status with a score of 2.25 or above.
Data regarding patients’ neurological status at follow-

up examinations were gathered within two intervals, 60–
90 days, which we called the “1st follow-up” and within
150–180 days which we called the “2nd follow-up”, of
discharge from the hospital. Due to the low number of
patients at 2nd follow-up, comparisons and risk calcula-
tions were made for data from the 1st follow-up only.

Statistical analysis
Statistical analysis was undertaken using IBM SPSS
Statistics for Windows version 25. Descriptive ana-
lysis (Frequency and Crosstab) was carried out to
describe the study sample. Comparison of the pre-
senting neurological status with the follow-up status,
characterized by the mRS and WNV-N Index, were
performed using the Wilcoxon Signed Ranks Test.
The risks for illness severity, regarding the dichoto-
mized input variables were analyzed. To calculate
the crude odds ratio (OR) for each risk as well as to
determine the confounders and effect modifiers,
stratified analysis was performed. For continuous in-
put variables, logistic regression was used to calcu-
late the crude OR. P < 0.05 was considered
statistically significant.

Results
The demographic and general clinical characteristics of
WNV patients
A total of 66 patients with confirmed WNV infection
were identified from four medical centers in Hungary
within the five-year study period. Figure 1 shows the dis-
tribution of patients and process of investigation at hos-
pital admission and follow-up.
The majority of the patients (63.3%) were male, and the

average age of the patients was 56.74 years. Two-thirds of
the patients (66.66%) was below 65 years, with almost a
third of all patients being under the age of 45. Thirty-seven
patients had none or only 1 ongoing illness, while 29 pa-
tients had at least two or more comorbidities at the time of
admission to the hospital. Immunosuppressive medication
(immunsuppressive, antitumor or steroid therapy) was
taken regularly by 6 of the patients (9.1%). Following the
highly prevalent “fever” (92.42%), most common general
symptoms upon admission were “weakness/malaise” and
“nausea/vomiting” (both 39.4%), while abdominal pain and
upper respiratory tract symptoms like coughing, were the
least frequent symptoms (both 7.6%). The average number
of days between the onset of neurological symptoms and
hospital admission was 6.01 days (Table 3).

Diagnostics, therapeutical interventions, and clinical
outcomes of WNV patients
Cerebrospinal fluid analysis was performed in most
(72.7%) of the cases. IgA, IgG and IgM were positive in

Fig. 1 Distribution of patients and process of investigation at hospital admission and follow-up
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both the serum and CSF in the vast majority of the pa-
tients (93.9%). PCR (Polymerase chain reaction) analysis
showed positive results in a quarter of the patients
(25.8%). All of the patients who tested positively for PCR
had lineage 2 WNV infection. (Table 4A) Regarding
treatment, almost half of the patients (48.5%) received
both antiviral treatment (acyclovir for suspected herpes
simplex virus infection) and antibiotic therapy. The ma-
jority (65.1%) received some form of pain medication
(59.1% minor, 4.5% major, 1.5% both minor and major
analgesics) and 9 patients (13.6%) required intensive
therapy. The combination of mannitol and steroid and
mannitol alone were the most frequently administered
forms of additional medication, given in 13 (19.7%) and

9 cases (13.64%), respectively. (Table 4B) Complications
during the hospital stay arose in almost fifth of the pa-
tients (18.2%) and 5 patients died. Complications in-
cluded respiratory failure, hearing loss, seizures,
pneumonia and polyneuropathy. The average length of
the hospital stay was 10.61 days, and the median length
was 9 days. (Table 4C).

Neurological symptoms and status upon hospital
admission, and at 1st and 2nd follow-up
All of the 66 patients’ neurological examinations and as-
sessments were carried out within 24 h after hospital ad-
mission. Forty-three patients were followed up within
60–90 days, and 12 patients within 150–180 days after
hospital discharge, which were called the 1st and 2nd
follow-up appointments, respectively. (Table 3; Fig. 1).
Sixty patients had a Glasgow Coma Scale (GCS) value

between 13 and 15, while one patient’s GCS value was
below 8. Meningitis was confirmed in 8, encephalitis in
1, meningoencephalitis in 38 and acute flaccid paresis in
9 patients following hospital admission. Fifty-six patients
were diagnosed with WNND, but all of the 66 patients
had some type of neurological symptom: 19 patients
(28.8%) suffered from muscle weakness, from which 10
had muscle weakness in both their upper and lower
parts of their bodies, however, the degree of weakness in
most of these cases was mild (NIS grade 1). Reflex and
sensory involvement were present in 5 and 3 cases, re-
spectively. The most common other neurological symp-
toms were headache, vertigo and confusion following
hospital admission, 69.7, 45.5 and 27.3%, respectively.
(Table 4).
None of the patients had meningitis, encephalitis,

meningoencephalitis at their 1st and/or 2nd follow-up.
Four patients (9.3%) had acute flaccid paresis at 1st
follow-up but none were recorded to have it, subse-
quently. Seven patients (16.3%) suffered from muscle
weakness and their degree of muscle weakness was mod-
erate or severe (NIS grades 2–3.25). The number of pa-
tients with reflex and sensory involvement stayed almost
unchanged compared to hospital admission (5 and 2
cases, respectively). Other neurological symptoms were
comparatively rare. At 2nd follow-up, only one patient
was found to have muscle weakness as well as reflex and
sensory involvements. Other neurological symptoms
were not found.
Based on their mRS categories, 27.3% of the patients’

neurological status was considered severe following hos-
pital admission. At 1st follow-up only 14.0% were severe,
and at 2nd follow-up all the patients were in the moder-
ately severe category.
According to our WNV-N Index, 33.3% of the patients

had a severe neurological status following hospital

Table 3 Demographic and general clinical characteristics of
WNV patients (n = 66)

Gender and age distribution n (%)

Male 42 (63.3)

Female 24 (36.4)

Total 66

Age (average) 56.74 years

Age (median) 60.0 years

patients below 65 years old 43 (64.15)

- patients < 45 years old 19 (28.79)

- patients 45-65 years old 24 (36.4)

patients over 65 years old 23 (34.8)

Time between onset of neurological symptoms and hospital
admission (days)

average 6.01

median 4.00

Number of Comorbidities n (%)

None or 1 illness 37 (56.1)

2 or more illnesses 29 (43.9)

Relevant medication n (%)

None 59 (89.3)

Immunsuppressive therapy 4(6.1)

Active antitumor therapy 1 (1.5)

Steroid therapy 1 (1.5)

Data not available (NA) 1 (1.5)

General symptoms at presentation n (%)

Fever 61 (92.42)

Weakness and malaise 26 (39.4)

Nausea, vomiting 26 (39.4)

Skin rash 20 (30.3)

Diarrhea 7 (10.6)

Muscle/joint pain 7 (10.6)

Abdominal pain 5 (7.6)

Coughing, upper respiratory tract symptom 5 (7.6)
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Table 4 Diagnostics (A), therapeutical interventions (B) and clinical outcomes (C) of WNV-infected patients

(A) Diagnostics: WNV Laboratory testing, n (%)

Cerebrospinal fluid yes 48 (72.7)

no 8 (12.1)

data unavailable 10 (15.2)

Serology serum and CSF positive (IgG, A, M) 62 (93.9)

serum positive (IgG, M) 3 (4.5)

serum positive (IgG: inconclusive, IgA: borderline, IgM: positive) 1 (1.5)

PCR positive 17 (5.8)

negative 37 (55.9)

data unavailable 10 (15.2)

inconclusive 2 (3.0)

Lineage lineage 2 17 (25.8)

unknown (due to PCR-negative or inconclusive results) 39 (59,0)

not applicable 10 (15.2)

Other (relevant) Diagnostic procedures, n (%)

Imaging Confirmed alteration with CT 10 (15.2)

Confirmed alteration with MRI 7 (10.6)

Confirmed alteration with both CT and MRI 19 (28.8)

none 24 (36.4)

data unavailable 6 (9.1)

(B) Therapy, n (%)

Antibiotic/Antiviral treatment Antibiotic treatment 12 (18.2)

Antiviral treatment 1 (1.5)

Antibiotic+ Antiviral treatment 32 (48.5)

none 21 (31.8)

Pain medication Minor analgesics 39 (59.1)

Major analgesics 3 (4.5)

Both minor and major analgesics 1 (1.5)

none 21 (31.8)

data unavailable 2 (3.0)

Other relevant medication Steroid only 3 (4.55)

Mannitol only 9 (13.64)

Steroid + Mannitol 13 (19.70)

Antiepileptics only 3 (4.55)

Steroid + Mannitol + Sedative 5 (7.58)

Steroid + Mannitol + medication for Dizziness 1 (1.52)

Steroid + Mannitol + Sedative + Antiepileptics 1 (1.52)

none 28 (42.42)

Intensive Care 9 (13.6)

(C) Clinical outcome, n (%)

Complications
(respiratory failure, hearing loss, seizures, pneumonia polyneuropathy)

7 (10.6)

Death 5 (7.6)

Length of hospital stay (days) average 10.6

median 9.0
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admission, which decreased to 14 and 8.3%, by the 1st
and 2nd follow-up intervals, respectively. (Table 5).

Changes in mRS and WNV-N index scores from
presentation to 1st follow-up
We compared the status changes of patients until the
1st follow-up using the Wilcoxon test. Twenty patients’
mRS score improved, 13 patients’ score remained un-
changed and only two patients’ mRS score worsened
until the 1st follow-up. A similar tendency could be ob-
served when comparing the WNV-N Index scores: 34
patients showed improvement, 7 remained unchanged
and 2 patients status deteriorated. (Table 6).

Risk factors for having a severe neurological status
following hospital admission and at 1st follow-up
We investigated whether risk factors for worse (severe)
neurological status upon hospital admission and at 1st
follow-up could be identified. Therefore, the associations
between demographic characteristics, the time interval
between onset of neurological symptoms and hospital
admission, clinical features, general symptoms and se-
vere neurological status upon admission, based on the
mRS and WNV-N Index, were analyzed. Also, relation-
ships between diagnostic and therapeutic interventions,
occurrence of complications and severe neurological sta-
tus at 1st follow-up, were examined.
Four factors, patients’ age, comorbidity, presence of

complications and certain symptoms (malaise, and gait
uncertainty) were shown to be independent risk factors
for severe neurological status.
Patients over 65 years were shown to have ORs of 9.88

and 4.91 based on their mRS and WNV-N index scores,
respectively, while patients with 2 or more comorbidities
had approximately 5-time- higher odds (5.2 and 4.59)
for developing severe neurological status after hospital
admission. „Weakness/malaise”, as a general symptom,
was also a risk factor for severe neurological status fol-
lowing admission according to the mRS score (OR: 3.45)
and „gait uncertainty” also constituted a risk (OR: 3.75)
for worse neurological status, based on the WNV-N
Index. Occurrence of complications significantly in-
creased the odds of having a severe neurological status
at 1st follow-up. The OR value was as high as 6.5, based
on the WNV-N Index, while every patient who devel-
oped complications had a severe neurological status ac-
cording to the mRS assessment. (Table 7).
The relationship between the neurological symptom

interval, the time (in days) between the onset of neuro-
logical symptoms and hospital admission, as a continu-
ous variable and the severity of the neurological status
following hospital admission, were analyzed. Our results
showed, that time was a protective factor: the shorter
the neurological symptom interval, the greater the

chances for patients to avoid severe neurological
symptoms.
Each day’s increase in the neurological symptom inter-

val significantly increased the risk for having a severe
neurological status following hospital admission (0.799-
fold and 0.688-fold, according to the WNV-N Index and
mRS, respectively) (Table 8). Other associations between
demographic, clinical, diagnostic and therapeutic charac-
teristics and neurological status severity were analyzed,
but results were non-significant (data not shown).

Discussion
Our study provided detailed data on the demographic
and clinical characteristics of WNV infected patients
from four regional medical centers in Hungary. The age
and gender distribution as well as the presence of co-
morbidities was comparable with previous studies [26].
Symptoms of WNV infection often include fever, head-
ache, malaise, muscle pain, chills, vomiting, eye pain,
rash, and fatigue [6]. In our study population, fever,
weakness/malaise and nausea/vomiting were the most
common general symptoms.
Serological testing was carried out in all cases and was

positive for either IgM or IgM and IgG in all of the pa-
tients’ serum or CSF samples. However, PCR testing was
performed in only 84% of the cases and gave positive re-
sults in only 25.8% of all cases. The low proportion of
PCR positivity can be explained by the short-term
viremia and low viral load in humans. The length of
elapsed time between symptom onset and date of sam-
pling, and the storage and shipment conditions might
also have an impact on the viral RNA stability in clinical
specimens [27]. Lineage 1 and lineage 2 WNV, have
been known as causative agents of human disease [28]
and lineage 2 WNV was initially identified in Hungary
outside of sub-Saharan Africa [29]. Lineage 2 WNV in-
fections were identified in all of our PCR-positive cases,
suggesting lineage 2 WNV circulation in Hungary, in ac-
cordance with sequence data [27]. Although, direct se-
quence data are not available from our PCR-negative
cases, exposure to WNV lineage 2 infection was the
most probable in their cases as well.
Treatment for WNND mostly includes supportive

therapy, including administration of pain medication
and the treatment of secondary infections, while treat-
ment of seizures or respiratory insufficiency may even
require intensive care [6, 8]. In our study population, ad-
ministration of mannitol and steroid was the most com-
mon (19.7%) relevant medication, while analgesics and
antibiotic or combination of antiviral (empiric acyclovir)
and antibiotic therapy were given in the majority of the
cases.
Meningitis, as WNND, can be typified by onset of

fever, headache, meningeal signs and photophobia,
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Table 5 Neurological symptoms, status and assessment scales at presentation, 1st and 2nd follow-up

Neurological status, n (%)

At hospital
admission
(n = 66)

1st Follow-up (60–90 days after
discharge)
(n = 43)

2nd Follow-up (150–180 days after
discharge)
(n = 12)

GCS 13–15 62 (93.9) – –

9–12 3 (4.5) – –

8 or less 1 (1.5) – –

Meningitis yes 8 (12.1) 0 (0) 0 (0)

no 57 (86.4) 43 (100) 12 (100)

data unavailable 1 (1.5) 0 (0) 0 (0)

Encephalitis yes 1 (1.5) 0 (0) 0 (0)

no 64 (97.1) 43 (100) 12 (100)

data unavailable 1 (1.5) 0 (0) 0 (0)

Meningoencephalitis yes 38 (40.9) 0 (0) 0 (0)

no 27 (57.6) 43 (100) 12 (100)

data unavailable 1 (1.5) 0 (0) 0 (0)

Acute flaccid paresis yes 9 (13.6) 4 (9.3) 0 (0)

no 57 (86.4) 39 (90.7) 12 (100)

Localisation of muscle
weakness

none 46 (69.7) 36 (83.7) 11 (91.7)

lower body 6 (9.1) 3 (7.0) 1 (8.3)

upper body 3 (4.5) 1 (2.3) 0 (0)

lower body + upper
body

10 (15.2) 3 (7.0) 0 (0)

unconscious 1 (1.5) – –

Degree of muscle
weakness

0 (normal) 46 (69.7) 36 (83.7) 11 (91.7)

1 11 (16.7) 2 (4.7) 0 (0)

2 3 (4.5) 2 (4.7) 1 (8.3)

3.25 4 (6.1) 2 (4.7) 0 (0)

4 1 (1.5) 1 (2.3) 0 (0)

unconscious 1 (1.5) – –

Reflex involvement
(decreased or absent)

no 59 (89.4) 38 (88.4) 11 (91.7)

yes 5 (7.6) 5 (11.6) 1 (8.3)

unconscious 1 (1.5) – –

data unavailable 1 (1.5) – –

Sensory involvement
(decreased or absent)

no 61 (92.4) 41 (95.3) 11 (91.7)

yes 3 (4.5) 2 (4.7) 1 (8.3)

unconscious 1 (1.5) – –

data unavailable 1 (1.5) – –

Other Neurological symptoms At hospital
admission
(n = 66)

1st Follow-up
(n = 43)

2nd Follow-up
(n = 12)

Headache 46 (69.7) 5 (11.6) –

Dizziness 30 (45.5) 7 (16.2) –

Confusion, altered mind status 18 (27.3) – –

Tremor 7 (10.6) – –

Diplopia 4 (6.1) – –

Gait uncertainty 3 (4.5) 2 (4.65) –
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while, encephalitis can manifest itself as a mild confu-
sional state or as severe encephalopathy and coma [6].
Paralysis in WWND is usually caused by damage to the
anterior horn cells of the spinal cord [6]. Although en-
rollment criteria in our study included all patients with
confirmed WNV infection, the vast majority of our pa-
tients developed some form of WNND, that is, meningi-
tis, encephalitis, meningoencephalitis or acute flaccid
but all of the patients had some type of neurological
symptom. The high proportion of WNND patients was
unsurprising, since the symptoms of WNV infections are
often mild and atypical, therefore patients often only
present at a hospital with more severe symptoms, which
are typical for neuroinvasive disease [2]. Almost a third
of the patients suffered from muscle weakness after hos-
pital admission, which in most cases was mild to moder-
ate but reflex and sensory involvement was
comparatively uncommon. Other frequent neurological
symptoms were headache, vertigo and confusion follow-
ing hospital admission which are in line with previous
studies [2].
A few studies have focused on analyzing the neuro-

logical outcomes of WNV-infected patients [8, 9]. Ac-
cording to one investigation, long-term neurological
abnormalities were most frequently found in WNND pa-
tients with primary WNV encephalitis, while another
study reported that younger age was the only significant
predictor for neurological recovery [8, 9]. Investigations

based on previous post-stroke studies have shown that
motor function improved rapidly in the first 6–8 weeks
following neural injury and reached a plateau around 3
months [30]. Therefore, we believed it reasonable to
follow-up our patients - whose motor function had been
impaired in the majority of the cases - within a 2–6
month interval. The occurrence of muscle weakness has
been reported to be typical of WNV-associated acute
flaccid paresis and is thought to be due to a
poliomyelitis-like process, a pure motor impairment
[31–33]. As expected, the proportion of neurological
symptoms in our study population and patients’ status
severity decreased by the 1st and 2nd follow-up
intervals.
In a number of studies, advanced age, immunosup-

pression, hypertension, diabetes mellitus, cerebrovascu-
lar disease and other comorbidities have been shown to
be associated with neuroinvasive infection and long-
term sequelae [2, 10, 34, 35]. Accordingly, we found, that
age above 65 years and having 2 or more comorbidities
significantly increased the odds of severe neurological
status after hospital admission. Among the presenting
symptoms, “weakness/malaise” and “uncertain gait” were
associated with higher ORs for severe neurological sta-
tus. Although the reason for this finding is unclear, we
hypothesize that “uncertain gait” as a symptom may
imply consequent muscle weakness or vertigo and
“weakness/malaise” may be a forerunner of

Table 5 Neurological symptoms, status and assessment scales at presentation, 1st and 2nd follow-up (Continued)

Neurological status, n (%)

Speech disturbance 4 (6.0) – –

Photophobia 3 (4.5) – –

Assessment tools, n (%) At hospital
admission

1st follow-up 2nd follow-up

WNV-N Index moderately severe 44 (66.7) 37 (86.0) 11 (91.7)

severe 22 (33.3) 6 (14.0) 1 (8.3)

Modified Rankin Scale moderately severe 48 (72.7) 37 (86.0) 12 (100)

severe 18 (27.3) 6 (14.0) 0 (0)

Table 6 Changes in WNV-N index score and mRS score from presentation to 1st follow-up

Relation Ranks N

WNV-N index score at presentation and at 1st follow-up
(Z = − 4.50; p ≤ 0.000)

Negative ranks 34

Positive ranks 2

Ties 7

Total 43

mRS score at presentation and at 1st follow-up
(Z = − 4.23; p≤ 0.000)

Negative ranks 28

Positive ranks 2

Ties 13

Total 43
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neuroinvasive disease. A recent study showed that ad-
mission to the intensive care unit (ICU) predicted longer
hospital stay, in-hospital death and survival with inability
to walk independently in WNND patients [7]. Further-
more, 81% of these patients admitted to the ICU devel-
oped some kind of complication [7]. Accordingly, in our
study, the occurrence of complications significantly in-
creased the odds of patients having a severe neurological
status at 1st follow-up, underlining the importance of
supportive care in WNND in order to avoid
complications.
Only a few studies have reported the number of days

between the onset of neurological symptoms and hos-
pital admission [36], however, to our knowledge, none
have investigated their association with neurological
symptom severity. Our most prominent finding, there-
fore, was that the time between the onset of symptoms
and hospital admission influenced the severity of the
neurological status in WNV-infected patients and
shorter time intervals served as a protective factor. The
longer the interval, the greater patients’ chances were for
having severe neurological status after hospital
admission.

Our findings regarding the above-described risk fac-
tors have several implications. Since elapsed time be-
tween neurological symptom onset and hospital
admission affects symptom severity, it would be vital
that patients with neurological symptoms present at
their health care provider in time. Clinicians vat emer-
gency departments are often the first to meet patients
with a suspicion of WNV-infection. Thus, they need to
be prepared to make timely care-related decisions when
their patients present with various neurological symp-
toms, which often cause differential diagnostic difficul-
ties due to the varied manifestations of WNV infection
[5]. As reported previously, WNV infection can be an
occupational hazard, affecting the younger, active popu-
lation [37, 38], and a recent investigation found that
younger patients were more at risk of developing critical
WNND since age below 60 years predicted ICU admis-
sion [7]. In our study, two-thirds of the patients were
below 65 years, indicating that the young, active popula-
tion, particularly with comorbidities, was also a high-risk
population. Thus, epidemiologic preventive measures,
such as the prevention of mosquito bites and public edu-
cation about the symptoms of WNV infections, among
the general population appears important [7, 39].
Assessment of risks and the use of evaluation scales

help clinicians make timely decisions regarding diagnos-
tic and therapeutic interventions, especially in emer-
gency settings where optimal allocation of resources is
vital. The modified Rankin scale has been used for the
assessment of functional assessment after stroke and
meningitis [40] and also in WNND patients in a previ-
ous study [7], therefore we considered it convenient for
assessing neurological status severity in our sample of
patients. In comparison to the mRS, our scoring system,
the WNV-N Index, took into account neurological
symptoms typical for WNV neuroinvasive disease.
Throughout the investigation, the two scores moved par-
allel with each other. Based on our observations, the use
of assessment tools should be considered for patients
presenting with neurological symptoms indicating neu-
roinvasive disease. However, further investigations are

Table 8 The relationship between the time between the onset of neurological symptoms and hospital admission and the severity
of the neurological status following hospital admission based on patients’ mRS scores (A) and WNV-N Index scores (B)

Based on mRS B S.E. p-value Exp (B) 95% C.I.

(A)

Time between the onset of neurological symptoms and hospital admission (days) −0.374 0.133 0.005 0.688 0.530–0.894

Based on WNV-N Index B S.E. p-value Exp (B) 95% C.I.

(B)

Time between the onset of neurological symptoms and hospital admission (days) −0.224 0.089 0.011 0.799 0.672–0.951

R2 = 0.310.
R2 = 0.211.

Table 7 Risk factors for severe neurological status following
hospital admission and/or at 1st follow-up, based on patients’
mRS scores (A) and WNV-N index scores (B)

Risk factors OR 95% C.I.

(A) mRS (moderately severe/ severe neurological status)

Age (< 65 years / 65+ years) (N = 66) 9.88 2.846–34.299

Comorbidities (2 or more) (no / yes) (N = 66) 5.20 1.577–17.149

Weakness/malaise (no / yes) (N = 66) 3.45 1.120–10.670

Complications (no / yes) (N = 43) --a

(B) WNV-N Index (moderately severe/ severe neurological status)

Complications (no / yes) (N = 43) 6.50 1.130–37.200

Age (< 65 years / 65+ years) (N = 66) 4.91 1.628–14.817

Comorbidities (2 or more) (no / yes) (N = 66) 4.59 1.530–13.778

Gait uncertainty (no / yes) (N = 66) 3.75 1.126–11.123
a All patients with complications belonged to the „severe neurological
status” category
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warranted for the development of the optimal WNV
neurological assessment tool.

Limitations
There are limitations to our study. Our investigation was
conducted on a small group of patients. It was done
retrospectively, and the neurological assessment was not
sufficiently detailed regarding neuropsychological defi-
cits. Also, the use of the mRS and WNV-N index in
WNV-infected patients has not been validated.

Conclusions
Our study was conducted on a sample of WNV-infected
Hungarian patients with neurological symptoms, in a
country among a few in Europe, where the incidence
and prevalence of WNV infections has significantly in-
creased over the past years.
Age, comorbidities, and complications during hospital

stay significantly and independently increased the risks
for severe neurological status in patients, during their
hospital stay or short-term follow-up. We also identified
a novel risk factor, longer time between onset of neuro-
logical symptoms and hospital admission, for the occur-
rence of severe neurological symptoms in patients.
Our findings imply that awareness regarding WNV in-

fections and related neurological symptoms should be
raised among the general population in WNV-affected
areas. Clinicians need to be aware of their patients’ risk
factors when the suspicion of a WNV-infection arises.
Furthermore, the development of an optimal tool for
assessing neurological status in WNV infection could be
an important step for improving outcome for WNND
patients.

Abbreviations
WNV: West Nile virus; WNND: West Nile neuroinvasive disease; AFP: Acute
flaccid paresis; WNV-N Index: West Nile virus neurological index; IgA, IgG,
IgM: Immunoglobulin A, G, M; RNA: Ribonucleic acid; RT-PCR: Reverse
transcriptase-polymerase chain reaction; USUV: Usutu virus; NIS: Neuropathy
impairment score; mRS: Modified rankin scale; OR: Odds ratio;
CSF: Cerebrospinal fluid; CT: Computed tomography; MRI: Magnetic
resonance imaging; GCS: Glasgow coma scale; PCR: Polymerase chain
reaction; ICU: Intensive care unit

Acknowledgements
none.

Authors’ contributions
Concept and design MK, EP, CV; Collection of data: NN, TM, ZM, MF, EH; Data
analysis and interpretation: MK, EP, VS, JG,CV, AN; Manuscript drafting: MK, EP,
VS, AN, JG., CV; Final approval of manuscript: All authors have read and
approved the manuscript.

Funding
none.

Availability of data and materials
The data involved in the current study are available upon request. Anyone
who is interested in the information should contact the corresponding
author.

Ethics approval and consent to participate
The study was carried out according to the Good Clinical Practice guidelines
of the Helsinki declaration. The study was approved by the Regional Ethical
Committee of Somogy County Kaposi Mór Teaching Hospital (Somogy
County Kaposi Mór Teaching Hospital, Kaposvár; Ethical Approval Number:
IG/00759–000/2019).

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details
1Department of Emergency Medicine, Somogy County Kaposi Mór Teaching
Hospital, Tallián Gyula Street, 20-32, Kaposvár 7400, Hungary. 2Department of
Public Health, Medical School, University of Pécs, Szigeti Street, 12, Pécs 7624,
Hungary. 3Institute of Primary Health Care, Medical School, University of Pécs,
Rákóczi Street 2, Pécs 7623, Hungary. 4National Reference Laboratory for Viral
Zoonoses; National Public Health Center, 1097 Albert Flórián Road 2-6,
Budapest, Hungary. 5Department of Infectious Diseases (Hepatology and
Immunology), Békés County Central Hospital, Semmelweis Street 1, Gyula
5700, Hungary. 6Department of Infectious Diseases, Fejér County St George
Teaching Hospital, Seregélyesi Street 3, Székesfehérvár 8000, Hungary.
7Department of Infectology, University of Szeged, Albert Szent-Györgyi
Health Center, Kálvária Avenue 57, Szeged 6725, Hungary. 8Institute of
Emergency Care and Pedagogy of Health, Faculty of Health Sciences,
University of Pécs, Vörösmarty Mihály Street 4, Pécs 7621, Hungary.

Received: 24 September 2020 Accepted: 30 December 2020

References
1. Athar P, Hasbun R, Nolan MS, Salazar L, Woods SP, Sheikh K, et al. Long-

term neuromuscular outcomes of West Nile virus infection: A clinical and
electromyographic evaluation of patients with a history of infection. Muscle
Nerve. 2018;57(1):77–82 [cited 2020 Aug 26] Available from: https://pubmed.
ncbi.nlm.nih.gov/28380696/.

2. Hart J, Tillman G, Kraut MA, et al. West Nile virus neuroinvasive disease:
neurological manifestations and prospective longitudinal outcomes. BMC
Infect Dis. 2014;14:248. https://doi.org/10.1186/1471-2334-14-248.

3. West Nile virus infection - Annual Epidemiological Report for 2018
[Internet]. [cited 2020 Aug 26]. Available from: https://www.ecdc.europa.eu/
en/publications-data/west-nile-virus-infection-annual-epidemiological-
report-2018.

4. Epidemiological update: West Nile virus transmission season in Europe, 2018
[Internet]. [cited 2020 Aug 26]. Available from: https://www.ecdc.europa.eu/
en/news-events/epidemiological-update-west-nile-virus-transmission-
season-europe-2018.

5. Koch M, Török KT, Nagy F, Soós V, Pozsgai É, Lelovics Z, et al. The
occurrence of neuroinvasive symptoms caused by the West Nile virus at an
emergency center. Orv Hetil. 2019;160(51):2026–35 [cited 2020 Aug 31]
Available from: https://pubmed.ncbi.nlm.nih.gov/31838862/.

6. Petersen LR, Brault AC, Nasci RS. West Nile virus: Review of the literature
[Internet]. JAMA. 2013;310:308–15 [cited 2020 Aug 26] Available from:
https://pubmed.ncbi.nlm.nih.gov/23860989/.

7. Hawkes MA, Carabenciov ID, EFM W, Rabinstein AA. Critical west nile
neuroinvasive disease. Neurocrit Care. 2018;29(1):47–53 [cited 2020 Aug 26]
Available from: https://pubmed.ncbi.nlm.nih.gov/29435806/.

8. Klee AL, Maldin B, Edwin B, Poshni I, Mostashari F, Fine A, et al. Long-term
prognosis for clinical West Nile virus infection. Emerg Infect Dis. 2004;10(8):
1405–11 [cited 2020 Aug 26] Available from: https://pubmed.ncbi.nlm.nih.
gov/15496241/.

9. Weatherhead JE, Miller VE, Garcia MN, Hasbun R, Salazar L, Dimachkie MM,
et al. Long-term neurological outcomes in West Nile virus-infected patients:
An observational study. Am J Trop Med Hyg. 2015;92(5):1006–12 [cited 2020
Aug 26] Available from: https://pubmed.ncbi.nlm.nih.gov/25802426/.

10. Jean CM, Honarmand S, Louie JK, Glaser CA. Risk factors for West Nile virus
neuroinvasive disease, California, 2005. Emerg Infect Dis. 2007;13(12):1918–
20 [cited 2020 Aug 26] Available from: https://pubmed.ncbi.nlm.nih.gov/1
8258047/.

Koch et al. BMC Infectious Diseases           (2021) 21:65 Page 12 of 13

https://pubmed.ncbi.nlm.nih.gov/28380696/
https://pubmed.ncbi.nlm.nih.gov/28380696/
https://doi.org/10.1186/1471-2334-14-248
https://www.ecdc.europa.eu/en/publications-data/west-nile-virus-infection-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/west-nile-virus-infection-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/west-nile-virus-infection-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/news-events/epidemiological-update-west-nile-virus-transmission-season-europe-2018
https://www.ecdc.europa.eu/en/news-events/epidemiological-update-west-nile-virus-transmission-season-europe-2018
https://www.ecdc.europa.eu/en/news-events/epidemiological-update-west-nile-virus-transmission-season-europe-2018
https://pubmed.ncbi.nlm.nih.gov/31838862/
https://pubmed.ncbi.nlm.nih.gov/23860989/
https://pubmed.ncbi.nlm.nih.gov/29435806/
https://pubmed.ncbi.nlm.nih.gov/15496241/
https://pubmed.ncbi.nlm.nih.gov/15496241/
https://pubmed.ncbi.nlm.nih.gov/25802426/
https://pubmed.ncbi.nlm.nih.gov/18258047/
https://pubmed.ncbi.nlm.nih.gov/18258047/


11. Popescu CP, Florescu SA, Hasbun R, et al. Prediction of unfavorable
outcomes in West Nile virus neuroinvasive infection - Result of a
multinational ID-IRI study. J Clin Virol. 2020;122:104213. https://doi.org/10.
1016/j.jcv.2019.104213.

12. Nagy A, Mezei E, Nagy O, et al. Extraordinary increase in West Nile virus
cases and first confirmed human Usutu virus infection in Hungary, 2018.
Euro Surveill. 2019;24(28):1900038. https://doi.org/10.2807/1560-7917.ES.
2019.24.28.1900038.

13. 2012/506/EU: Commission Implementing Decision of 8 August 2012
amending Decision 2002/253/EC laying down case definitions for reporting
communicable diseases to the Community network under Decision No
2119/98/EC of the European Parliament and of the Council (notified under
document C(2012) 5538) Text with EEA relevance [Internet]. Op.europa.eu.
2012 [cited 5 January 2021]. Available from: https://op.europa.eu/en/
publication-detail/-/publication/10ed460f-0711-11e2-8e28-01aa75ed71a1/
language-en.

14. Mansfield KL, Horton DL, Johnson N, Li L, Barrett ADT, Smith DJ, et al.
Flavivirus-induced antibody cross-reactivity. J Gen Virol. 2011;92(12):2821–9
[cited 2020 Aug 29] Available from: https://pubmed.ncbi.nlm.nih.gov/21
900425/.

15. Linke S, Ellerbrok H, Niedrig M, Nitsche A, Pauli G. Detection of West Nile
virus lineages 1 and 2 by real-time PCR. J Virol Methods. 2007;146(1–2):355–
8 [cited 2020 Aug 29]Available from: https://pubmed.ncbi.nlm.nih.gov/176
04132/.

16. Bakonyi T, Ferenczi E, Erdélyi K, Kutasi O, Csörgo T, Seidel B, et al. Explosive
spread of a neuroinvasive lineage 2 West Nile virus in Central Europe, 2008/
2009. Vet Microbiol. 2013;165(1–2):61–70 Available from: https://pubmed.
ncbi.nlm.nih.gov/23570864/.

17. Habarugira G, Suen WW, Hobson-Peters J, Hall RA, Bielefeldt-Ohmann H.
West Nile virus: an update on pathobiology, epidemiology, diagnostics,
control and “one health” implications. Pathogens. 2020;9(7):589 Available
from: /pmc/articles/PMC7400489/?report=abstract.

18. Nagy A, Szöllosi T, Takács M, Magyar N, Barabás É. West Nile virus
seroprevalence among blood donors in Hungary. Vector-Borne Zoonotic
Dis. 2019;19(11):844–50 Available from: https://pubmed.ncbi.nlm.nih.gov/311
84991/.

19. GenBank Overview [Internet]. Ncbi.nlm.nih.gov. 2021 [cited 5 January 2021].
Available from: https://www.ncbi.nlm.nih.gov/genbank/.

20. Dyck PJ, Litchy WJ, Hokanson JL, Low JL, O’Brien PC. Variables influencing
neuropathic endpoints: The rochester diabetic neuropathy study of healthy
subjects. Neurology. 1995;45(6):1115–21 [cited 2020 Aug 29] Available from:
https://pubmed.ncbi.nlm.nih.gov/7783874/.

21. Dyck PJ, Sherman WR, Hallcher LM, John Service F, O’Brien PC, Grina LA,
et al. Human diabetic endoneurial sorbitol, fructose, and myo-inositol
related to sural nerve morphometry. Ann Neurol. 1980;8(6):590–6 [cited
2020 Aug 29] Available from: https://pubmed.ncbi.nlm.nih.gov/7212646/.

22. Sejvar JJ, Haddad MB, Tierney BC, Campbell GL, Marfin AA, Van Gerpen JA,
et al. Neurologic manifestations and outcome of West Nile Virus infection. J
Am Med Assoc. 2003;290(4):511–5 [cited 2020 Nov 28] Available from:
https://pubmed.ncbi.nlm.nih.gov/12876094/.

23. Van Swieten JC, Koudstaal PJ, Visser MC, Schouten H, Van Gijn J.
Interobserver agreement for the assessment of handicap in stroke patients.
Stroke. 1988;19(5):604–7 [cited 2020 Aug 29] Available from: https://
pubmed.ncbi.nlm.nih.gov/3363593/.

24. Quinn TJ, Dawson J, Walters MR, Lees KR. Reliability of the modified rankin
scale: A systematic review. Stroke. 2009;40(10):3393–5 [cited 2020 Aug 29]
Available from: https://pubmed.ncbi.nlm.nih.gov/19679846/.

25. Wilson JTL, Hareendran A, Grant M, Baird T, Schulz UGR, Muir KW, et al.
Improving the assessment of outcomes in stroke: Use of a structured
interview to assign grades on the modified Rankin Scale. Stroke. 2002 ;33(9):
2243–2246. [cited 2020 Nov 28] Available from: https://www.ahajournals.
org/doi/https://doi.org/10.1161/01.STR.0000027437.22450.BD.

26. Mada PK, Sneed P, Castano G, et al. Retrospective Descriptive Analysis of
West Nile Neuroinvasive Disease (WNND) in Northwest Louisiana. Int J
Microbiol. 2020;2020:3513859. https://doi.org/10.1155/2020/3513859.

27. Zana B, Erdélyi K, Nagy A, et al. Multi-Approach Investigation Regarding the
West Nile Virus Situation in Hungary, 2018. Viruses. 2020;12(1):123. https://
doi.org/10.3390/v12010123.

28. Fall G, Di Paola N, Faye M, et al. Biological and phylogenetic characteristics
of West African lineages of West Nile virus. PLoS Negl Trop Dis. 2017;11(11):
e0006078. https://doi.org/10.1371/journal.pntd.0006078.

29. Bakonyi T, Ferenczi E, Erdélyi K, Kutasi O, Csörgo T, Seidel B, et al. Explosive
spread of a neuroinvasive lineage 2 West Nile virus in Central Europe, 2008/
2009. Vet Microbiol. 2013;165(1–2):61–70 [cited 2020 Aug 27] Available from:
https://pubmed.ncbi.nlm.nih.gov/23570864/.

30. Pomeroy V, Aglioti SM, Mark VW, Mcfarland D, Stinear C, Wolf SL, et al.
Neurological Principles and Rehabilitation of Action Disorders: Rehabilitation
Interventions. Neurorehabil Neural Repair. 2011;25(5 Suppl):33S–43S [cited
2020 Aug 30] Available from: https://pubmed.ncbi.nlm.nih.gov/21613536/.

31. Sejvar JJ, Bode AV, Marfin AA, Campbell GL, Ewing D, Mazowiecki M, et al.
West Nile virus-associated flaccid paralysis. Emerg Infect Dis. 2005;11(7):
1021–7 [cited 2020 Aug 30] Available from: https://pubmed.ncbi.nlm.nih.
gov/16022775/.

32. DeBiasi RL, Tyler KL. West Nile virus meningoencephalitis [Internet]. Nat Clin
Pract Neurol. 2006;2:264–75 [cited 2020 Aug 30] Available from: https://
pubmed.ncbi.nlm.nih.gov/16932563/.

33. Jennett B, Snoek J, Bond MR, Brooks N. Disability after severe head injury:
Observations on the use of the Glasgow Outcome Scale. J Neurol
Neurosurg Psychiatry. 1981, 44(4):285–93 [cited 2020 Aug 30] Available
from: /pmc/articles/PMC490949/?report=abstract.

34. Mrzljak A, Dinjar-Kujundzic P, Santini M, Barbic L, Kosuta I, Savic V, et al.
West Nile Virus: an emerging threat in transplant population. Vector Borne
Zoonotic Dis. 2020;20(8):613–8 Available from: https://pubmed.ncbi.nlm.nih.
gov/32228360/.

35. Lindsey NP, Staples JE, Lehman JA, Fischer M. Medical risk factors for severe
West Nile virus disease, United States, 2008-2010. Am J Trop Med Hyg. 2012;
87(1):179–84 Available from: https://pubmed.ncbi.nlm.nih.gov/22764311/.

36. Pepperell C, Rau N, Krajden S, Kern R, Humar A, Mederski B, et al. West Nile
virus infection in 2002: Morbidity and mortality among patients admitted to
hospital in southcentral Ontario. CMAJ. 2003;168(11):1399–405 Available
from: www.cmaj.ca.

37. Chirico F, Magnavita N. Commentary West Nile virus infection in Europe:
Need for an integration of occupational health practice and public health
activities . Vol. 55, Annali dell’Istituto Superiore di Sanita. Istituto Superiore di
Sanita; 2019 [cited 2020 Aug 26]. p. 3–5. Available from: https://pubmed.
ncbi.nlm.nih.gov/30968829/.

38. Campbell G, Lanciotti R. Laboratory-Acquired West Nile Virus
Infections—United States, 2002. Appl Biosaf. 2003 ;8(1):17–19. [cited 2020
Aug 26] Available from: http://journals.sagepub.com/doi/https://doi.org/10.
1177/153567600300800104.

39. Carney RM, Husted S, Jean C, Glaser C, Kramer V. Efficacy of aerial spraying
of mosquito adulticide in reducing incidence of West Nile Virus, California,
2005. Emerg Infect Dis. 2008;14(5):747–54 [cited 2020 Aug 30]Available from:
/pmc/articles/PMC2600250/?report=abstract.

40. Cantier M, Morisot A, Guérot E, Megarbane B, Razazi K, Contou D, et al.
Functional outcomes in adults with tuberculous meningitis admitted to the
ICU: A multicenter cohort study. Crit Care. 2018 ;22(1). [cited 2020 Aug 30]
Available from: https://pubmed.ncbi.nlm.nih.gov/30119686/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Koch et al. BMC Infectious Diseases           (2021) 21:65 Page 13 of 13

https://doi.org/10.1016/j.jcv.2019.104213
https://doi.org/10.1016/j.jcv.2019.104213
https://doi.org/10.2807/1560-7917.ES.2019.24.28.1900038
https://doi.org/10.2807/1560-7917.ES.2019.24.28.1900038
https://op.europa.eu/en/publication-detail/-/publication/10ed460f-0711-11e2-8e28-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/10ed460f-0711-11e2-8e28-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/10ed460f-0711-11e2-8e28-01aa75ed71a1/language-en
https://pubmed.ncbi.nlm.nih.gov/21900425/
https://pubmed.ncbi.nlm.nih.gov/21900425/
https://pubmed.ncbi.nlm.nih.gov/17604132/
https://pubmed.ncbi.nlm.nih.gov/17604132/
https://pubmed.ncbi.nlm.nih.gov/23570864/
https://pubmed.ncbi.nlm.nih.gov/23570864/
https://pubmed.ncbi.nlm.nih.gov/31184991/
https://pubmed.ncbi.nlm.nih.gov/31184991/
https://www.ncbi.nlm.nih.gov/genbank/
https://pubmed.ncbi.nlm.nih.gov/7783874/
https://pubmed.ncbi.nlm.nih.gov/7212646/
https://pubmed.ncbi.nlm.nih.gov/12876094/
https://pubmed.ncbi.nlm.nih.gov/3363593/
https://pubmed.ncbi.nlm.nih.gov/3363593/
https://pubmed.ncbi.nlm.nih.gov/19679846/
https://doi.org/10.1161/01.STR.0000027437.22450.BD
https://doi.org/10.1155/2020/3513859
https://doi.org/10.3390/v12010123
https://doi.org/10.3390/v12010123
https://doi.org/10.1371/journal.pntd.0006078
https://pubmed.ncbi.nlm.nih.gov/23570864/
https://pubmed.ncbi.nlm.nih.gov/21613536/
https://pubmed.ncbi.nlm.nih.gov/16022775/
https://pubmed.ncbi.nlm.nih.gov/16022775/
https://pubmed.ncbi.nlm.nih.gov/16932563/
https://pubmed.ncbi.nlm.nih.gov/16932563/
https://pubmed.ncbi.nlm.nih.gov/32228360/
https://pubmed.ncbi.nlm.nih.gov/32228360/
https://pubmed.ncbi.nlm.nih.gov/22764311/
http://www.cmaj.ca
https://pubmed.ncbi.nlm.nih.gov/30968829/
https://pubmed.ncbi.nlm.nih.gov/30968829/
https://doi.org/10.1177/153567600300800104
https://doi.org/10.1177/153567600300800104
https://pubmed.ncbi.nlm.nih.gov/30119686/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	WNV laboratory testing
	Data collection and analysis
	Statistical analysis

	Results
	The demographic and general clinical characteristics of WNV patients
	Diagnostics, therapeutical interventions, and clinical outcomes of WNV patients
	Neurological symptoms and status upon hospital admission, and at 1st and 2nd follow-up
	Changes in mRS and WNV-N index scores from presentation to 1st follow-up
	Risk factors for having a severe neurological status following hospital admission and at 1st follow-up

	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

