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Abstract: Neuroinvasive West Nile Virus disease (WNND) can cause lasting cognitive
and motor impairments, impacting autonomy and quality of life. Given the scarcity of
research on the rehabilitative needs of patients with WNV infection, this study aims to fill a
critical gap by assessing the rehabilitation needs of a real-world cohort of WNND patients.
We retrospectively analyzed WNND patients who received early Physical Medicine and
Rehabilitation (PMR) evaluations during the 2022 outbreak in Veneto, Italy. Data included
demographics, comorbidities, length of hospital stay, days at PMR evaluation, and reha-
bilitation duration until discharge or death, alongside objective examination findings and
Barthel Index scores. Among 29 confirmed WNND patients, the median hospital stay was
20 days, with rehabilitation starting after a median of 7 days. Motor weakness affected
48.28% of patients, swallowing issues 6.90%, and respiratory issues 24.13%. A tailored
rehabilitation protocol was designed for 96.55% of patients to address functional concerns
and prevent complications. Barthel Index scores showed no significant change. Discharge
settings were home (58.34%), other departments (25%), and rehabilitation facilities (16.67%).
This study highlights the rehabilitation needs of WNND patients, particularly regarding
neuromuscular deficits, swallowing, and respiratory issues, stressing the importance of a
comprehensive rehabilitation strategy for improved outcomes.

Keywords: rehabilitation; paralysis; meningitis; encephalitis; respiratory

1. Introduction
West Nile Virus (WNV) is an arbovirus transmitted via a mosquito vector that repli-

cates in volatiles. Humans and other mammals are accidental hosts of the virus [1,2]. While
the majority of individuals infected with WNV show no symptoms, approximately 20%
of WNV-infected patients exhibit clinical manifestations of different severity [3]. In most
cases, WNV manifests as a flu-like syndrome called West Nile fever, while in less than 1%
of infections, it presents as West Nile Neuroinvasive Diseases (WNNDs), the most severe
forms including encephalitis, meningitis, acute flaccid paralysis (AFP), or a combination
of these manifestations [3–7]. Encephalitis is the most frequent of WNND manifestations
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and presents in a wide range of severity, from a mild confusional state to the development
of coma and eventually death [3,8,9]. Main features include muscle weakness, peripheral
nervous system deficit, lethargy, and a reduced level of consciousness [10]. Upper limb
tremors and myoclonus may also occur but are less frequent [3]. Meningitis presents with
rapid-onset fever, headache, phonophobia, photophobia, meningeal signs, and sometimes
nausea and vomiting and is often complicated by disorders of consciousness, cognitive
impairment, and epileptic seizures [4,11]. AFP is defined by a rapid onset of asymmetrical
muscle weakness of the limbs, mostly without fever. Diaphragm, other respiratory muscles,
and head muscles may be involved in the paralysis [12,13]. The diagnosis of infection is
obtained through a serology test or genome identification on blood, cerebrospinal fluid,
and plasma [6].

WNV is an emerging pathogen that has become a significant public health concern in
Europe, where its incidence has increased over the past decade. WNV remains a global
public health issue, causing potentially life-altering consequences, especially when con-
sidering the neuroinvasive form. Current management for WNV is mainly supportive,
although many treatments are currently being studied in clinical trials. With such limited
options for treatment, severe disability and death can occur [3]. Historically, WNV out-
breaks in Europe have escalated in frequency and scale, with Italy being heavily affected
during the record-setting 2018 outbreak. In 2022, Italy experienced a major outbreak of
WNV, reporting the highest number of human cases within Europe. The Veneto Region,
in particular, saw a severe impact, with a substantial number of neuroinvasive cases and
related fatalities. In 2022, WNV activity in Italy began unusually early, with the first WNV-
positive Culex mosquito pool detected on 7 June in the Veneto Region. Whole-genome
sequencing identified WNV lineage 2 (WNV-2), triggering donor screening in Veneto. The
first human cases followed shortly after: a WNV-positive blood donor and an encephalitis
patient were identified in June, and another donor tested positive in July. While WNV-2
was confirmed in the initial donor, WNV lineage 1 (WNV-1) was detected in subsequent
cases, demonstrating the co-circulation of both lineages. Concurrent veterinary surveillance
revealed WNV-1 and WNV-2 infections in wild birds, highlighting the virus’s widespread
presence across different species. Compared to previous years, WNV transmission in 2022
expanded geographically and started earlier, likely due to favorable ecological and climatic
conditions. The persistence of WNV-2 and the emergence of WNV-1 strains in Italy have
been identified as significant factors in this heightened disease burden [14].

There is a general agreement that the WNNV sequelae require personalized rehabilita-
tion protocols [5,11]. Some patients may experience physical and cognitive impairments
even 18 months after the initial infection [4,15].

Given the scarcity of research on the rehabilitative needs of patients with WNV infec-
tion, this study aims to fill a critical gap by assessing the rehabilitation needs of a real-world
cohort of patients who were hospitalized following WNND. Additionally, considering the
limited research data regarding the prevalent discharge setting in these patients, this paper
focuses on the post-hospital discharge location in the analyzed population.

2. Materials and Methods
2.1. Study Design

This retrospective, observational, and single-center study involved retrieving data
from the digitalized medical records of patients hospitalized at the University Hospital
of Padua, and it was conducted following the approval of the local ethical committee
(436n/AO/23).
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2.2. Study Population

Subjects for the study were selected from the pool of WNV cases who were hospitalized
at the University Hospital of Padua (79 patients). Patients with an unconfirmed diagnosis of
WNV were excluded, and only those who received a Physical Medicine and Rehabilitation
(PMR) evaluation by the staff of the Neurorehabilitation Unit at the University Hospital of
Padua were included in the analysis (Figure 1).
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Inclusion criteria were as follows: subjects with a confirmed diagnosis of WNV infec-
tion who were hospitalized at the University Hospital of Padua between June 2022 and
November 2022, aged between 18 and 90 years, and who underwent at least one PMR as-
sessment during hospitalization. Patients under 18 years of age, with an unconfirmed WNV
diagnosis, or lacking hospitalization and PMR assessment were excluded from the study.

2.3. Outcome Evaluation

Through the analysis of patients’ computerized medical records, demographic data
were collected, including information on gender and age at the time of admission, pre-
hospitalization living situation, degree of autonomy in walking and activities of daily living
(ADL) before the acute event, total hospitalization days, days of hospitalization at the time
of PMR evaluation, and rehabilitation days until patient discharge or death. Data on the
subjects’ remote medical history were also extracted from medical records, with a focus on
cardiovascular, respiratory, diabetic, neoplastic, vascular, and neurological comorbidities.
In addition, cumulative scores obtained from the Barthel Index administered at admission
and discharge were extracted.

The Barthel Scale is one of the most widely used clinical tools to assess an individual’s
physical functionality. The analyzed items evaluate the ability to perform activities such
as eating, dressing, managing personal hygiene, washing, controlling bladder and bowel
function, walking on flat ground and climbing stairs, performing bed–chair and chair–bed
transfers, and executing bathroom transfers. Assignable scores are 0, 5, 10, or 15, with a
higher score indicating greater autonomy in that specific activity. The maximum score of
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100 indicates complete independence in all described activities, while the minimum score
of 0 identifies a condition of total dependence in managing ADL.

For each patient, the initial PMR assessment during hospitalization was analyzed, col-
lecting data on objective examination findings. Tactile sensitivity, muscle tone, respiratory
deficits, and the presence of dysphagia were considered. Segmental muscle strength was
assessed using the Medical Research Council (MRC) scale, and the MRC Sum Score was
calculated based on the obtained data. The MRC Scale is an extensively employed method
for assessing muscle strength. It assigns a numerical grade (ranging from 0 to 5) to the
muscle strength of specific muscle groups, with 0 indicating no muscle contraction and
5 indicating normal strength. The MRC Sum Score is a variation on the MRC Scale that
considers the measurement of 12 muscle groups, specifically shoulder adductors, elbow
flexors, wrist extensors, hip flexors, leg extensors, and dorsiflexors of the foot, for both
sides of the body. By assigning the scores described in the MRC Scale and summing each
muscle group, an overall score ranging from 0 to 60 is obtained. Cutoffs of <48 and <36 are
used to identify significant weakness and severe weakness, respectively.

2.4. Statistical Analysis

In the analysis of the collected data, categorical variables were presented as absolute
numbers and percentages, while continuous variables were reported as mean ± standard
deviation, median, and interquartile range (IQR). The data distribution was assessed using
the Lilliefors normality test (Kolmogorov–Smirnov) at a significance level of α = 0.05.

Based on the data distribution, a Student’s t-test, a Wilcoxon signed-rank test for
dependent samples, or a Mann–Whitney U-test for independent samples was employed to
identify differences between the analyzed variables. The p-value was considered statistically
significant if it was less than 0.05.

3. Results
3.1. Demographic Characteristics

As depicted in Figure 1, 1 subject was excluded due to age criteria, 17 were excluded
because they did not have a confirmed diagnosis of WNV, and 32 subjects were excluded
due to a lack of PMR evaluation data. In total, 29 patients were included in the study.

The average age of the patients was 75 ± 9.38 years. Among the subjects, 22 out of
29 participants (75.86%) were male. When comparing the mean age of subjects by gender,
a statistically significant difference was observed, with females (68.71 ± 13.65) having a
significantly lower average age than males (77 ± 6.85).

Regarding medical history and comorbidities, Table 1 outlines the conditions identified
in the population and their respective frequencies. Of the 29 patients included, 20 were
hospitalized in the Infectious Diseases department (68.96%), while the remaining patients
were admitted to the Intensive Care Unit, Internal Medicine, or Neurosurgery departments
(31.04%). Concerning the patients’ autonomy status prior to hospital admission, all subjects
were residing at home. A total of 23 (79.31%) subjects exhibited complete autonomy in
walking and full independence in ADL.

Table 1. Comorbidities in WNV population.

Comorbidity Number of Patients (Percentage of
Total Population)

Hypertension 16 (55.17%)
Arteriopathy 8 (27.59%)

Previous cerebral ischemia 3 (10.74%)
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Table 1. Cont.

Comorbidity Number of Patients (Percentage of
Total Population)

Previous non-cerebral thromboembolic event 2 (6.90%)
Previous ischemic heart disease 5 (17.24%)

Type 2 diabetes 11 (37.93%)
Dyslipidemia 5 (17.24%)

Chronic obstructive pulmonary disease 3 (10.34%)
Active smoking 1 (3.45%)

Previous smoking 4 (13.79%)
Previous neoplastic disorder 2 (6.90%)

Concomitant neoplastic disorder 5 (17.24%)
Non-neoplastic hematologic disorder 2 (6.90%)

Transplant 2 (6.90%)

3.2. Outcome Evaluation

The analysis of hospitalization timelines revealed significant heterogeneity in both
total hospitalization days, days at the PMR evaluation, and onset of rehabilitation, and
the overall duration of rehabilitation until patient discharge or demise, with medians
of 20.7 and 13 days, respectively (Table 2). Four patients (13.79%) died during their
hospitalization period.

Table 2. Total hospitalization days, days at the Physical Medicine and Rehabilitation (PMR) evaluation
and onset of rehabilitation, and rehabilitation duration at the time of discharge (or death) for the
analyzed population.

Variable Median Min-Max
Total hospitalization days 20 7–168

Days at the PMR evaluation and
onset of rehabilitation 7 1–95

Rehabilitation duration at the time
of discharge (or death) 13 0–88

During the clinical evaluation, tactile sensitivity was preserved in 20 patients (68.96%).
Fifteen patients reported hypotonia (27.58% in the upper limbs and 24.13% in the lower
limbs). The median of the total MRC Sum Score was 48. Considering scores < 48 as
indicative of significant weakness and scores < 36 as indicative of severe weakness, the
corresponding frequencies within the population were calculated. The results showed
that 48.28% of subjects (14 patients) exhibited significant weakness, while 41.38% had a
condition of severe weakness (12 patients).

Among the observed patients, two presented swallowing issues (6.90%), while res-
piratory complications were observed in seven cases (24.13%), requiring tracheostomy
placement in three cases (10.34%).

3.3. Rehabilitation Protocols and Discharge Settings

Following the PMR assessment, a tailored rehabilitation protocol was established
for 28 of the 29 examined patients (96.55%), aiming to address the functional concerns
of each patient. In the majority of cases, the prevention of bed-related complications
(22 patients, 75.86%) was prescribed. When necessary, interventions to maintain muscle
tone, recover postural changes, and improve swallowing and respiratory function were
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prescribed (Table 3). Rehabilitation interventions were carried out daily, with each session
lasting between one and two hours.

Table 3. Rehabilitation protocols prescribed.

Type of Rehabilitation Protocol Number of Patients (Percentage of
Total Population)

Prevention of bed-related complications 22 (75.86%)
Maintenance of muscle tone-trophism and

muscle strengthening 4 (13.79%)

Respiratory function recovery 2 (6.90%)
Recovery of postural changes and transfers 3 (10.34%)

Balance and gait training 5 (17.24%)
Interventions for dysphagia (diet modification,

compensatory posture, etc.) 2 (6.90%)

The mean Barthel Index scores at admission and discharge were similar, 36.38 ± 30.70
and 35.2 ± 35.69, respectively. The comparison between admission and discharge values
did not reveal statistically significant differences (p > 0.05).

The analysis of the discharge diagnoses for the 25 patients who survived hospital-
ization revealed that the majority, 21 patients (84%), were diagnosed with meningitis or
encephalitis, while 4 patients (16%) were diagnosed with AFP associated with encephalitis.

Discharge settings could be defined for 24 out of 29 patients (due to 4 deaths and one
case of missing data). Among these, 14 subjects (58.34%) were discharged home, 6 (25%)
were transferred to other departments or community hospitals, with 2 awaiting potential
transfer to a rehabilitation facility, and 4 (16.67%) were transferred to rehabilitation facilities.

4. Discussion
While WNV is often asymptomatic, its neuroinvasive form can lead to severe, long-

term cognitive and neuromuscular deficits [3,11,16]. Nevertheless, comprehensive studies
on rehabilitation for these patients have been lacking. This study represents the first com-
prehensive investigation in Italy into the rehabilitation needs of patients affected by WNND.
The cohort included 29 subjects, a notable proportion of whom were over 75 years old,
presenting a range of comorbidities such as hypertension, type II diabetes, arteriopathies,
and concurrent neoplastic conditions. Despite showing significant independence in am-
bulation and ADL before their acute phase, the combination of advanced age and diverse
comorbidities highlighted increased needs for rehabilitation. Advanced age is often associ-
ated with reduced physiological reserve and slower recovery rates [17]. Elderly patients
generally face a greater decline in muscle mass, strength, and functional capacity, which can
be further aggravated by the severity of WNND. Additionally, comorbidities complicate
the recovery process by impairing cardiovascular health, diminishing physical endurance,
and delaying healing [4].

These factors contribute to the increased rehabilitation needs and longer treatment
durations observed in older adults. Effective rehabilitation in this population requires a
more intensive and extended approach to address both the direct impact of WNND and
the challenges imposed by their pre-existing conditions [4].

The significant variability in hospitalization, ranging from 7 to 168 days with a median
of 20 days, and rehabilitation durations observed in this study could not be correlated
with factors such as age, severity of WNND, or comorbidities. This suggests that other
individual patient factors, such as the heterogeneous progression of WNND, may influence
these durations. Similarly, the initiation and duration of rehabilitation varied widely, with
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rehabilitation commencing as early as 1 day into hospitalization and lasting up to 88 days
until discharge or death.

In our cohort, rehabilitation was initiated in the acute setting, with an assessment
conducted within the first few days of hospitalization in the majority of cases. In our
population, the rehabilitative intervention began on the same day as the PMR evaluation.
An early initiation of rehabilitation during acute care should be recommended to prevent
complications associated with WNND [4,18,19]. Therapies were adapted according to the
ongoing evaluation of the patients’ progress, with modifications made to address evolving
needs and limitations throughout the hospitalization period.

Overall, patients in our study showed impairments in muscular strength and hypoto-
nia, which contributed to difficulties in mobility and increased susceptibility to prolonged
bed rest and limited mobilization. These factors can exacerbate muscle atrophy, limit joint
range of motion, and predispose subjects to complications like pulmonary thromboem-
bolism and skin ulcers [20,21]. Therefore, a key element of the rehabilitation project for
these patients was the prevention of bedridden complications and the maintenance of
muscle trophism [22–25].

In addition to assessing predominantly motor aspects, attention was directed towards
swallowing and respiratory function. Seven subjects exhibited respiratory insufficiency,
necessitating tracheostomy in three cases. Currently, studies on respiratory outcomes in
WNV patients are lacking [4]. Early-phase rehabilitation should focus on enhancing venti-
latory function, preventing atelectasis, and strengthening the diaphragm and inspiratory
muscles, particularly in those with respiratory muscle impairments due to motoneuron or
brainstem issues [26,27]. Early assessment for dysarthria and dysphagia is also important,
as they can predict later respiratory failure [27,28].

The lack of significant improvement in Barthel Index scores during hospitalization re-
flects the severity and chronicity of impairments in our cohort. Despite early rehabilitation,
some patients with severe or long-term impairments may require more time for functional
recovery. The low Barthel Scale values at admission and discharge indicated significant
deficits in motor function and daily activities due to WNND, which extended beyond
hospitalization. This justified the inability of ten patients to return home immediately after
discharge. Instead, six were transferred to community hospitals, and four were referred to
rehabilitation or long-term care facilities for vegetative states. In a previous study focusing
on five subjects with WNND admitted to an acute inpatient brain injury rehabilitation
facility in the United States, the efficacy of targeted rehabilitation was evaluated using
the Functional Independence Measure (FIM) as a metric. The results indicated significant
improvements in functional independence from admission to discharge across several
subcategories: cognitive function, mobility, and ADL [29]. These findings underscore the
potential benefits of customized rehabilitation programs in enhancing functional outcomes
and suggest that some patients may achieve sufficient recovery to be discharged to their
homes. However, enduring deficits may persist, particularly in patients with encephalitis
complicated by AFP. Indeed, only a small percentage of WNND patients seem to regain
their previous functional levels after 6–8 months of rehabilitation [4,12,29,30]. Consequently,
continuing rehabilitation care in inpatient or outpatient settings post-hospitalization is
advisable for these patients [19]. In another study, the functional impairments and out-
comes of 48 adults with WNV admitted to a rehabilitation facility between 2002 and 2009
were assessed. Patients were transferred to the rehabilitation hospital from acute care
settings after lengths of stay ranging from 1 to 62 days, with their time in rehabilitation
varying from 2 to 304 days. The change in FIM scores during inpatient rehabilitation
was statistically significant, highlighting the significant improvements achieved through
rehabilitation [31]. In the post-acute phase, a multidisciplinary approach to rehabilitation
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should be adopted, integrating physical therapy, occupational therapy, speech therapy,
and psychological support [22,32]. Indeed, while limiting complications and preventing
muscle and movement function loss are essential during hospitalization, post-acute care
should focus on promoting autonomy recovery [4,30,33]. The rehabilitation plan should be
individualized, considering not only the acute condition but also comorbidities, previous
levels of autonomy, and the prognosis of each subject.

The main strength of this study is its comprehensive analysis of the rehabilitation
needs, rehabilitation programs, and discharge settings for a real-life cohort of patients
with WNND. Unlike previous research, which often focuses on individual cases or small
sample sizes, this study assesses a larger and more diverse group of patients [3,28,31,32,34].
While our findings underscore the importance of early and individualized rehabilitation
protocols, there are notable limitations that should be addressed in future research. The lack
of long-term follow-up data restricts our ability to assess sustained recovery and functional
outcomes beyond the acute phase. Furthermore, the absence of cognitive rehabilitation in
our study highlights a significant gap, as cognitive impairments are common in WNND
and can greatly affect overall recovery and quality of life. Moving forward, incorporating
cognitive assessments and extending follow-up periods will be essential to provide a more
comprehensive understanding of the long-term rehabilitation needs of WNND patients.

5. Conclusions
WNV infection manifests in its symptomatic form infrequently, but during endemic

periods, affected subjects can experience a range of symptoms from mild to severe. Our
study has shown that WNND predominantly affects older adults with underlying comor-
bidities, leading to significant neuromotor impairments that often necessitate increased
assistance and rehabilitation even after hospitalization. Effective rehabilitation strategies
should therefore be adopted early in the acute setting and continued throughout hospital-
ization, employing a comprehensive approach that addresses all acquired disabilities, not
only motor impairments.
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21. Mehraban Jahromi, M.; Vlček, P.; Grünerová Lippertová, M. Stretching exercises in managing spasticity: Effectiveness, risks, and
adjunct therapies. Eur. J. Transl. Myol. 2024, 34, 157–164. [CrossRef] [PubMed]

22. Miller, N.H.; Miller, D.J.; Goldberg, J.L. Physical therapist examination, evaluation, and intervention for a patient with West Nile
virus paralysis. Phys. Ther. 2006, 86, 843–856. [CrossRef] [PubMed]

23. Di Filippo, E.S.; Chiappalupi, S.; Falone, S.; Dolo, V.; Amicarelli, F.; Marchianò, S.; Carino, A.; Mascetti, G.; Valentini, G.; Piccirillo,
S.; et al. The MyoGravity project to study real microgravity effects on human muscle precursor cells and tissue. NPJ Microgravity
2024, 10, 92. [CrossRef]

24. Zampieri, S.; Bersch, I.; Kern, H.; Sarabon, N.; Rosati, R.; LeBrasseur, N.K.; Leeuwenburg, C.; Carraro, U. 2023 Padua Days of
Muscle and Mobility Medicine: Post-meeting Book of Abstracts. Eur. J. Transl. Myol. 2023, 33, 11427. [CrossRef]

25. Morrey, J.D.; Siddharthan, V.; Wang, H.; O Hall, J.; E Motter, N.; Skinner, R.D.; Skirpstunas, R.T. Neurological suppression of
diaphragm electromyographs in hamsters infected with West Nile virus. J. Neurovirol. 2010, 16, 318–329. [CrossRef]

26. Morrey, J.D.; Siddharthan, V.; Wang, H.; Hall, J.O. Respiratory Insufficiency Correlated Strongly with Mortality of Rodents
Infected with West Nile Virus. PLoS ONE 2012, 7, e38672. [CrossRef]

27. Escobar, N.; Aliga, N.; Krieger, R.; Stambolis, V.; Brady, S.L. Poster 160: Dysphagia after West Nile virus: A report of 5 cases. Arch.
Phys. Med. Rehabil. 2003, 84, E32. [CrossRef]

28. Sejvar, J.J.; Haddad, M.B.; Tierney, B.C.; Campbell, G.L.; Marfin, A.A.; Van Gerpen, J.A.; Fleischauer, A.; Leis, A.A.; Stokic, D.S.;
Petersen, L.R. Neurologic Manifestations and Outcome of West Nile Virus Infection. JAMA 2003, 290, 511. [CrossRef]

29. Rao, N.; Char, D.; Gnatz, S. Rehabilitation outcomes of 5 patients with severe West Nile virus infection: A case series. Arch. Phys.
Med. Rehabil. 2005, 86, 449–452. [CrossRef]

30. Johnson, T.R.; Gandelman, S.; Serafin, L.R.; Charles, J.Y.; Jacobs, D. Rehabilitation Outcomes in Multiple Sclerosis Patients on
Ocrelizumab Diagnosed with West Nile Virus Encephalitis. Cureus 2024, 16, e57063. [CrossRef]

https://doi.org/10.23736/S1973-9087.23.07880-2
https://doi.org/10.3201/eid1008.030879
https://doi.org/10.1586/14787210.2015.1007044
https://doi.org/10.1016/j.jiph.2024.02.008
https://doi.org/10.1177/20503121241229847
https://doi.org/10.3390/pathogens8040193
https://doi.org/10.1080/0954898X.2023.2269263
https://doi.org/10.1086/518281
https://www.ncbi.nlm.nih.gov/pubmed/17516407
https://doi.org/10.3390/v6020606
https://www.ncbi.nlm.nih.gov/pubmed/24509812
https://doi.org/10.1001/jama.2013.8042
https://www.ncbi.nlm.nih.gov/pubmed/23860989
https://doi.org/10.1093/jtm/taac125
https://doi.org/10.3390/brainsci11101253
https://doi.org/10.1016/j.apmr.2004.04.038
https://doi.org/10.3390/ijms23052808
https://doi.org/10.1046/j.1532-5415.2002.505402.x
https://doi.org/10.3390/pathogens11010052
https://doi.org/10.3122/jabfm.5.4.389
https://doi.org/10.4081/ejtm.2024.12455
https://www.ncbi.nlm.nih.gov/pubmed/38872376
https://doi.org/10.1093/ptj/86.6.843
https://www.ncbi.nlm.nih.gov/pubmed/16737410
https://doi.org/10.1038/s41526-024-00432-1
https://doi.org/10.4081/ejtm.2023.11427
https://doi.org/10.3109/13550284.2010.501847
https://doi.org/10.1371/journal.pone.0038672
https://doi.org/10.1016/S0003-9993(03)00706-8
https://doi.org/10.1001/jama.290.4.511
https://doi.org/10.1016/j.apmr.2004.10.019
https://doi.org/10.7759/cureus.57063


Appl. Sci. 2025, 15, 491 10 of 10

31. Hoffman, J.E.; Paschal, K.A. Functional Outcomes of Adult Patients With West Nile Virus Admitted to a Rehabilitation Hospital.
J. Geriatr. Phys. Ther. 2013, 36, 55–62. [CrossRef] [PubMed]

32. Simon, D. West Nile Neuroinvasive Disease With Atypical CSF Findings: A Case Report. Neurohospitalist 2021, 11, 365–367.
[CrossRef] [PubMed]

33. Ouhoumanne, N.; Lowe, A.-M.; Fortin, A.; Kairy, D.; Vibien, A.; K-Lensch, J.; Tannenbaum, T.-N.; Milord, F. Morbidity, mortality
and long-term sequelae of West Nile virus disease in Québec. Epidemiol. Infect. 2018, 146, 867–874. [CrossRef] [PubMed]

34. Santini, M.; Zupetic, I.; Viskovic, K.; Krznaric, J.; Kutlesa, M.; Krajinovic, V.; Polak, V.L.; Savic, V.; Tabain, I.; Barbic, L.; et al.
Cauda equina arachnoiditis—A rare manifestation of West Nile virus neuroinvasive disease: A case report. World J. Clin. Cases
2020, 8, 3797–3803. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1519/JPT.0b013e318258bcba
https://www.ncbi.nlm.nih.gov/pubmed/22785181
https://doi.org/10.1177/1941874421995375
https://www.ncbi.nlm.nih.gov/pubmed/34567400
https://doi.org/10.1017/S0950268818000687
https://www.ncbi.nlm.nih.gov/pubmed/29587891
https://doi.org/10.12998/wjcc.v8.i17.3797

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Outcome Evaluation 
	Statistical Analysis 

	Results 
	Demographic Characteristics 
	Outcome Evaluation 
	Rehabilitation Protocols and Discharge Settings 

	Discussion 
	Conclusions 
	References

