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ABSTRACT

INTRODUCTION: Periodic increases in West Nile virus (WNV) infections have been documented. Proper rehabilitative management is essen-
tial for these patients, who may experience limitations in daily activities even after the resolution of the acute infection. Since there are currently
no globally accepted guidelines, our aim is to conduct a best-evidence synthesis on rehabilitative management for patients with neuroinvasive
WNV.

EVIDENCE ACQUISITION: We screened the literature with two independent researchers conducting searches on PubMed, Embase, SCOPUS,
and Google Scholar databases for WNV-related studies in the field of rehabilitation. Suitable studies were identified and selected through a rigor-
ous process. The review includes original research articles published up to August 15, 2023.

EVIDENCE SYNTHESIS: Despite the potential for bias in the studies, the literature suggests that a comprehensive and interdisciplinary
rehabilitation program, which includes physical therapy with neuromotor and respiratory interventions, occupational therapy, neurocognitive
interventions, and speech therapy for dysphagia and communication issues, can lead to functional improvement in WNV patients. This program
should be tailored to address each patient’s specific challenges, and the duration of the rehabilitation program may vary depending on the indi-
vidual patient’s needs.

CONCLUSIONS: Even if additional research with larger cohorts and higher evidence levels is needed for a comprehensive understanding of
WNYV patient rehabilitation, an early and comprehensive rehabilitation approach addressing respiratory, neuromuscular, and cognitive aspects
appears effective for WNV patient recovery.

(Cite this article as: Maccarone MC, Coraci D, Ragazzo L, Munari M, Piccione F, Masiero S. Rehabilitation approaches in West Nile Virus survivors:
a systematic review. Eur J Phys Rehabil Med 2024;60:113-21. DOI: 10.23736/S1973-9087.23.07880-2)

KEY worps: Encephalitis; Rehabilitation; Activities of daily living; Recovery of function.

Introduction mosquito capable of transmitting the infection. Although

most infected people are asymptomatic or develop a self-

he West Nile virus (WNV) is a single-stranded RNA  limited flu-like illness, it is estimated that 10% of patients
virus with an envelope, belonging to the Flaviviridae infected with WNV are symptomatic, and 10% of this sub-
family, that infects people when bitten by a specific type of  group develop neuroinvasive disease, presenting encepha-
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litis (50%), meningitis (37%), acute flaccid paralysis (6%),
or a combination of these symptoms. Risk factors for ac-
quiring WNV meningoencephalitis include age (>50 years
old), diabetes, and immunosuppression.!

The number of WNV cases had remained relatively
stable since 2012, with a reported increase in 2017-2018
(2544 in 2018; 2097 in 2017) in the USA.2 Emerging con-
cerns related to WNV include the potential for increased
transmission due to climate change and the long-term
health effects experienced by survivors, highlighting the
ongoing need for surveillance, prevention, and effective
rehabilitation strategies.3-6

Italy has recently faced a rapid increase in the incidence
of cases of WNYV infection. While from 2008 to 2018, 475
confirmed human cases of autochthonous WNV neuroin-
vasive disease and seven imported cases were reported in
Italy, in 2018, there was a significant increase in the circu-
lation of WNV with a total of 606 confirmed human cases
reported. Of these, 239 occurred in the neuroinvasive form
involving 6 Italian regions (Emilia-Romagna, Friuli Vene-
zia Giulia, Lombardy, Piedmont, Sardinia, and Veneto),
while 299 cases were characterized by fever and 68 were
identified in asymptomatic blood donors.” Since the be-
ginning of June 2022, there has been another significant
increase in the incidence of WNV infection in Italy, with
301 confirmed cases reported. Among these cases, a sub-
stantial percentage corresponds to patients who developed
the neuroinvasive form, including 19 cases in Piedmont
Region, 85 in Veneto Region, 37 in Emilia-Romagna Re-
gion, and 8 in Lombardy Region.®

Literature suggests different ways of entrance into the
central nervous system, including direct entry through the
blood-brain barrier, infection of endothelial cells and leu-
kocytes, and peripheral nervous fibers axonal retrograde
transport from the injected sites (Figure 1). Clinically, the
diagnosis of WNV is based on serology, specifically [gM
testing, and cerebrospinal fluid polymerase chain reac-
tion. To determine the phenotype and severity of the dis-
ease, patients should undergo magnetic resonance imag-
ing (MRI), electroencephalogram, and electromyography
(EMQG) evaluations.10

Morbidity and mortality of patients with WNV are high,
particularly in those who require intensive care for neuro-
invasive forms of infection.!! For individuals in these con-
ditions, prioritizing rehabilitative interventions is essential.

In particular, depending on the symptoms presented
during the infection and the type of sequelae reported, pa-
tients can be classified into three categories of neuroinva-
sive disease:!2
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Figure 1.—Different WNV ways of entrance in the central nervous
system.

* a first subgroup of patients presents meningoenceph-
alitis, complicated by disorders of consciousness, cog-
nitive impairment, epileptics seizures, and dyskinesias
related to deep nuclei involvement highlighted on MRI
evaluations. Dyskinesia symptoms may include tremors,
myoclonus, and parkinsonism. The tremor can be either
static or kinetic, but it is not noticeable at rest.!3 Parkin-
sonism includes rigidity and bradykinesia. These patients
have generally good cognitive recovery with only resid-
ual parkinsonism on examination.> Therefore, it can be
suggested that prognosis depends on the involvement of
the basal ganglia and the consequent motor impairments
(Figure 2).

* In the second subgroup, encephalitis is complicated
by acute flaccid paralysis, respiratory failure and dyspha-

Figure 2.—Involvement of the basal ganglia in brain MRI (T2-Flair se-
quence) in a patient with neuroinvasive WNV.
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gia. Consequently, a prolonged course of rehabilitation
is necessary for this form of WNV disease. Patients with
asymmetrical limb involvement typically exhibit axonal
motor neuropathy without signs of demyelination and
with preserved sensory responses, resembling poliomy-
elitis-like conditions at the EMG evaluations. Conversely,
in some patients, neurophysiological evaluation reveals a
spectrum similar to Guillain-Barré syndrome, character-
ized by signs of myelin damage and symmetrical muscle
weakness.!3: 14 Cauda equina arachnoiditis is a rare, but
possible neuroradiological feature in the acute flaccid pa-
resis form of WNV disease.!5

* The third subgroup of patients present with meningi-
tis, often complicated by bilateral chorioretinitis, and had
generally a good recovery in a few weeks.16

Given the limited literature in this area, our aim is to
conduct a comprehensive best-evidence synthesis to iden-
tify and assess all published manuscripts within the WNV
rehabilitation field, describe their quality, and summarize
and compare their conclusions, in order to consolidate ex-
isting knowledge regarding the rehabilitation of patients
with WNV.

Evidence acquisition
Literature search and selection

We performed a systematic review with best-evidence syn-
thesis. The search encompassed the following databases:
PubMed, Embase, SCOPUS, and Google Scholar. The
initial search was conducted in January 2022 and repeated
in August 2023. Database-specific MeSH terms were em-
ployed in the initial search, such as “West Nile Virus In-
fection,” “WNYV Infection,” “West Nile Fever Meningoen-
cephalitis,” “West Nile Fever,” “West Nile Fever Encepha-
litis” and “West Nile Fever Meningitis.” The search terms
were adjusted to align with the vocabulary mapping of each
individual database and Boolean operators were employed.

Two authors (MCM and DC) independently reviewed
the titles and abstracts. Original research articles published
up to August 15, 2023, were considered for inclusion. We
included randomized controlled trials, cohort studies, and
case-control studies published in English for quality ap-
praisal. Studies in which the outcome was unclear or did
not address rehabilitative management were excluded.
Manuscripts were selected based on the following criteria,
following the PICO framework: the population included
adult subjects (>18 years) who had experienced WNV in-
fection; the intervention focused on the effects of single
or combined rehabilitative interventions; the comparison
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involved various types of interventions or no compari-
son. All rehabilitative outcome measures were taken into
account. Duplicate records and papers that did not meet
the inclusion criteria were excluded. Studies selected for
the review needed to have the abstract and the full text
available. Articles written in languages other than Eng-
lish were excluded. The title and abstract of each result
were assessed to identify articles relevant to the research
question. Subsequently, the full-text versions of the manu-
scripts were obtained and re-evaluated against the criteria
described above.

Data extraction

Data were extracted and meticulously organized in a com-
prehensive table using a customized data extraction model
in Microsoft Excel. The table included essential details
such as authors’ names, year of publication, sample size,
subjects’ age, outcomes, and discharge location.

Quality assessment

The quality of the studies was independently assessed by
two authors (M.C.M. and D.C.). Any discrepancies were
discussed until a consensus was reached with the involve-
ment of a third reviewer (S.M.).

Since the majority of the studies found were case re-
ports or case series, the methodological quality and risk
of bias in the included manuscripts were assessed using
the tool for evaluating the methodological quality of case
reports and case series proposed by Murad et al.!7 This
tool consists of eight items that fall into four domains:
selection, ascertainment, causality, and reporting. Each
item is accompanied by explanatory questions to aid in its
assessment. While one possibility is to calculate an aggre-
gate score by summing the binary responses for the eight
items, it is recommended to refrain from using an aggre-
gate score. Instead, it is preferable to conduct an over-
all assessment of methodological quality based on the
questions considered most critical in the specific clinical
context for the systematic review.!7 On the other side, the
Newcastle-Ottawa Scale was used to evaluate the quality
of the remaining studies. The scale utilizes a “star sys-
tem” to assess studies based on three main perspectives:
selection of study groups, comparability of groups, and
ascertainment of exposure or outcome for case-control
or cohort studies, respectively. During the quality assess-
ment of each article, a maximum score of 9 stars can be
achieved, indicating higher quality, while studies of lower
quality receive fewer stars.!8
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Evidence synthesis
Studies selection

The initial search strategies yielded 4855 articles for po-
tential inclusion after duplicates had been removed. Of
these, 82 full-text articles were assessed for eligibility. Af-
ter title and abstract screening, we evaluated 41 studies
and included nine in the systematic analysis.

Studies characteristics

Seven papers presented case reports,!9-25 while two pa-
pers were retrospective studies.26 All the participants
were WNV survivors. Five studies used the Function-
al Independence Measure (FIM) as an outcome mea-
sure.19-21, 26, 27 Seven papers reported patients being dis-
charged at home,!9.21-23.25-27 while in three studies patients
were discharged to a nursing facility.2!. 26,27

Risk of bias within studies

Quality appraisal revealed the most frequent risks of bias
for case reports and case series concerned weaknesses in
patients’ selection, short periods for follow-up evaluations,

REHABILITATIVE MANAGEMENT OF WEST NILE VIRUS SURVIVORS

and the lack of details in cases and intervention reporting
(Table I, I11).19-25 In particular, in the papers considered the
rehabilitative protocols were not described in detail, except
for the manuscripts by Miller et al. and Unger et al.23.25

The methodological quality of the retrospective studies
varied between scores of 5 to 6. Scores >6 identified stud-
ies as of high quality,2” while the lower score was associ-
ated with issues such as lack of a prolonged follow-up and
a control group.2¢ Nevertheless, the retrospective study
conducted by Hoffman and Paschal considered the highest
number of WNV patients.26

The best-evidence synthesis is presented in Table II,19-25
where we have synthesized the characteristics of the se-
lected studies, the assessed rehabilitative outcomes, and
the discharge settings (Table II).1925 We will provide a
brief description of our findings below.

Case reports and case series

Ohry et al. documented a case of a healthy young woman
who developed encephalo-myelitis after contracting WNV
during the 2000 epidemic. Encephalitis and tetraparesis
evolved into an incomplete upper limb paresis after a multi-
disciplinary rehabilitation period.!® Similarly, Marciniak

TABLE I.—Evaluation of the methodological quality of case reports and case series and risk of bias assessment.19-25

Domains Leading explanatory questions Ohry et al.?®

Marciniak
et al.20

Zafar and

VanDemark?? Ubogu?

Rao et al.2! Miller et al.?3 Unger et al.?5

Selection 1. Does the patient(s) represent(s)
the whole experience of the
investigator (centre) or is the
selection method unclear to the ?
extent that other patients with
similar presentation may not
have been reported?

2. Was the exposure adequately
ascertained?

3. Was the outcome adequately
ascertained?

4. Were other alternative causes
that may explain the observation
ruled out?

5. Was there a challenge/

Ascertainment

Causality

rechallenge phenomenon? - +

6. Was there a dose-response
effect?

7. Was follow-up long enough for
outcomes to occur?

8. Is the case(s) described with
sufficient details to allow other
investigators to replicate the
research or to allow practitioners
make inferences related to their
own practice?

Reporting

The symbols “+,” “-,” and “?” indicate low, high, and unclear risk of bias, respectively.
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TABLE Il.—Summary of the studies considered.9-27
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Authors Article type  Population (N.) Age

Length of stay

Outcomes Discharge setting

Care reports and case series
Ohry et al.1? Case report 1 33
Case series 4

Marciniak et al.20 29-72 years

Rao et al.?! Case series 5 35-70 years

VanDemark?22 Case report 1 55

Miller et al.23 Case report 1 55

Zafar and Ubogu2* Case report 1 48 NA

Unger et al.2s Case report 1 67

Retrospective studies
Hoffman and
Paschal26

Retrospective 48
chart review

Mean age
67.75
(24 - 91 years)
Mean age 64.8
(43-78 years)

Patel et al .27 Case series 5

1 month

From 37 days to
106 days

From 10 to 71 days
(mean 32 days)
30 days

17 days

5 months

From
1 to 62 days

From 14-21 days) Mean total FIM gain 37 points (range
(mean 17.8)

FIM variation: admission 81, discharge Home
91

Modest improvements in upper and
lower strength (Motor Scores) and
function (FIM variation)

FIM variation (discharge vs. admission)

statistically significant (P<0.002)

NA

1 patient:
subacute
nursing facility

4 patients: home

Improvement in strength and Home
independence

Gait progression: from 4-wheeled walker
to wide-based quad cane (week 13)
and single-point cane (week 18);
ambulation without any assistive
device part-time at home (week 21),
ambulation in the community with no
assistive device (week 34)

Progression in manual muscle testing

Improvements in upper extremity
strength, more pronounced distally

Improvements in Berg Balance Score,
10meter Walking Test, and 6 Minutes
Walking Test maintained after 3
months

Visual Analog Fatigue Scale declined
throughout training, but increased at
the 3-month follow-up

Improvement in Balance/Trunk Scale

Home

NA

Home

FIM variation (discharge vs. admission)
statistically significant (P <.001)

3 patients: home

1 patient: skilled
nursing facility

1 patient:
assisted living
facility

24-60 points)

FIM: Functional Independence Measure. NA: not available.

TABLE lll.—FEvaluation of the methodological quality of retrospec-
tive studies and risk of bias assessment.26:27

Number of stars

Study, year

Selection Comparability Outcome
Hoffman and Paschal26 3 0 2
Patel et al.?’ 3 0 3

et al. discussed the improvement in motor and FIM instru-
ment scores in four patients with severe flaccid weakness
caused by WNV infection from the time of admission to an
acute inpatient rehabilitation hospital, up to the six-month
follow-up. Participation in an acute inpatient rehabilitation
program resulted in modest gains in motor and FIM scores
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for these patients, but significant deficits continued despite
the intervention: after six months from the onset of WNV
disease, none of the patients fully regained their strength
or became capable of walking independently.20

Rao et al. considered five patients who presented with
severe neurological symptoms and meningoencephalitis.
These patients were admitted to an acute inpatient reha-
bilitation center between September 2002 and January
2003 to address their functional deficits. Among the pa-
tients, three exhibited quadriparesis, while the other two
had profound and generalized muscle weakness. Electro-
diagnostic evaluations revealed axonal neuropathy in the
latter two cases, which was associated with poorer func-
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tional outcomes. Additionally, all five patients displayed
cognitive deficits and dysphagia, and one patient experi-
enced acute respiratory failure during the infection, re-
quiring tracheostomy and ventilator support. Following a
multidisciplinary rehabilitation program involving physi-
cal therapy, occupational therapy, and speech therapy,
all patients demonstrated significant functional improve-
ment. One patient was discharged to a subacute nursing
facility, while the remaining patients were discharged
home.2!

VanDemark documented a case with a four-month fol-
low-up, involving a 55-year-old construction worker who
presented with progressive numbness, lower extremity
weakness, and swallowing difficulties. The presence of
WNYV was confirmed through serum and cerebrospinal
tests. During the patient’s hospitalization, physical and
occupational therapy were administered. Initially, pas-
sive range-of-motion exercises were performed while in
the intensive care unit, and later, a strengthening program
was implemented.22 Miller et al. discussed the physical
therapist management and outcomes of a female patient
with WNV disease. The patient in this case report showed
significant progress by combining intensive strengthen-
ing exercises with fatigue monitoring. Over the course
of treatment, the patient transitioned from a nonambula-
tory state to walking with a single-point cane at week 18
after symptom onset. By week 20, the patient no longer
required an assistive device for walking. Additionally,
she returned to full-time work by week 43.23 Zafar and
Ubogu presented a case of a 48-year-old man who expe-
rienced severe painless bilateral weakness in his upper
extremities caused by WNV myelitis. Upon discharge,
the patient underwent physical and occupational therapy.
Three months after treatment, the patient reported no
changes in shoulder flexion or elbow extension strength
but showed a slight improvement in distal upper extrem-
ity strength.24

Unger et al. examined the effects of an intensive loco-
motor training program on a patient with chronic paraple-
gia resulting from a previous WNV infection. Following
rehabilitation, the patient became a wheelchair user and
began locomotor training three years after the infection.
The training program consisted of 55 sessions, including
overground training that involved walking, balance, and
strengthening exercises, as well as bodyweight-supported
treadmill training. The patient received three sessions per
week, progressing to four sessions per week. After five
months of training, the patient was able to walk indepen-
dently again.25
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REHABILITATIVE MANAGEMENT OF WEST NILE VIRUS SURVIVORS

Retrospective studies

Hoffman and Paschal conducted a retrospective review of
48 patients who were admitted to an inpatient rehabilitation
service with a WNV diagnosis between January 1, 2002,
and December 31, 2009 and were discharged within that
same period. The patients were assigned to one of three
levels of care — acute rehabilitation, sub-acute rehabilita-
tion, or the long-term acute care hospital unit — depend-
ing on their medical and physical condition. Patients who
were in good health and could participate in three hours
of therapy (physical therapy, occupational therapy, and/
or speech therapy) were accepted to acute rehabilitation,
while patients who needed urgent medical attention were
admitted to the long-term acute care hospital unit. Medi-
cally stable patients who were not able to undergo three
hours of rehabilitation sessions were placed in the sub-
acute unit. Among the patients considered, 37.5% devel-
oped acute respiratory failure, and 33% were mechanically
ventilated and/or had a tracheostomy tube. After treatment,
there was a statistically significant change in FIM scores.
While most patients experienced statistically significant
improvements in their FIM scores, none of the patients in
this study fully regained their pre-illness functional status,
and only three out of 48 patients did not require follow-up
physical therapy services. Older patients required a longer
length of stay due to the medical complexity and higher
rehabilitation needs.2¢

Patel et al. conducted a retrospective chart review of
five subjects diagnosed with neuroinvasive WNV disease
who were admitted to a single acute inpatient brain injury
rehabilitation facility between June and December 2012.
Brain MRI findings were positive for only two of the five
subjects evaluated: one subject demonstrated mild bilater-
al subcortical white matter occipital lobe hyperintensities,
while the other displayed bilateral thalamic, peri-aqueduct
gray matter, dorsal pons, cerebellar peduncle, and dentate
nuclei plaques with no acute demyelination. The mean ad-
mission FIM score was 45.2 points (range 14-63 points)
while the mean discharge FIM score was 82.2 points
(range 61-100). The mean total FIM gain was 37 points
(range 24-60 points) with an improvement in all three FIM
subcategories. Four of the five subjects were discharged to
the community.2’

Discussion

The WNV disease, especially in its neuroinvasive form,
can have a profound impact on patients, resulting in neuro-
logical symptoms, functional limitations, and a significant
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reduction in their overall quality of life. Given the global
recurrence of WNV infections, patients affected by WNV
often require rehabilitation. Nonetheless, there is still an
absence of worldwide guidelines for the rehabilitation of
WNV patients. Our systematic review and best-evidence
synthesis represent the first attempt to summarize the ex-
isting evidence in the literature regarding rehabilitative ap-
proaches for WNV patients.

Our literature search has identified low-quality stud-
ies, primarily consisting of case reports and case series.
Nevertheless, these studies have still highlighted motor
and functional improvements following acute customized
rehabilitation programs, as well as the possibility for home
discharge,?!.26-28 aJthough some enduring deficits may per-
sist.20. 24 Indeed, in particular in patients suffering from
encephalitis complicated by acute flaccid paralysis only a
reduced percentage seems to be able to regain their pre-
vious functional level after 6-8 months of rehabilitation.
Sometimes full recovery is achieved at 12 months from di-
agnosis.?? For these patients, late mortality is described up
to three years after the onset of symptoms, with one-year
mortality of 4% and four-year mortality of 12%.30

Nevertheless, subjects with WNV-related limb weak-
ness can exhibit strength recovery, with the majority of im-
provement occurring within the initial 6-8 months follow-
ing symptom onset.3! In the case series and case reports we
reviewed, only Marciniak et al. conducted a six-month fol-
low-up evaluation,20 whereas VanDemark et al. performed
a four-month follow-up,22 and Zafar and Obugo and Unger
et al. conducted a three-month follow-up.24 25 Interesting-
ly, from the literature we analyzed, it has been observed
that following acute rehabilitation, patients affected by
WNV tetraparesis have transitioned into incomplete up-
per limb paresis.!® Consequently, the early initiation of
rehabilitative interventions should be generally favored.
During the early stage of disease, collaboration between
physiatrists and healthcare professionals should contribute
to prevent musculoskeletal complications associated with
prolonged bed rest32. 33 and to consider patients’ overall
clinical condition and nutritional status.!2

In the literature, most studies concerning rehabilitation
in WNV patients have considered outcome measures relat-
ed to motor function, strength, and disability. Particularly,
the most frequently reported outcome measure for track-
ing WNV patient progress in rehabilitation has been found
to be the FIM scale, an international standard for measur-
ing disability, with high metric-statistical validity.!921.26,27

However, it is important to recognize that while FIM
is a valuable tool, its applicability should be considered
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in conjunction with other clinical measures tailored to in-
dividual patient needs. Presently, there is a lack of stud-
ies addressing respiratory outcomes in WNV patients.
Nonetheless, during the early phase, primary rehabilita-
tion aims in WNV patients should also include enhancing
ventilatory function, preventing atelectasis, and increasing
diaphragm and inspiratory muscle strength in individuals
with respiratory muscle impairments and diaphragm is-
sues caused by motoneuron involvement or brainstem net-
work failures.34.35 Early assessment for signs of dysarthria
and dysphagia is also crucial in this phase, as they can be
predictive of later respiratory failure.2!.28

Rehabilitation has demonstrated also favorable effects
on chronic WNV outcomes, contributing to the regaining
of independent walking among patients with chronic para-
plegia.2s Nevertheless, the duration of hospital stays for
WNV patients, as documented in the literature, can vary
widely, ranging from a few days to up to 5 months.2!,25-27,36
In particular, elderly patients and those with comorbidities
may necessitate extended treatment periods.26. 29.37 Con-
sequently, for these individuals, continuing rehabilitation
care in outpatient settings after hospitalization is advis-
able.38.39

In the post-acute phase, rehabilitation should be mul-
tidisciplinary, integrating physical therapy, occupational
therapy, speech therapy, and psychological support.2!. 23
Respiratory rehabilitation should be particularly important
also in this phase, since some patients may require sup-
plementary oxygen for extended periods.3l: 40 Moreover,
progressive muscle strengthening exercises, moderate-in-
tensity aerobic exercises, exercises to improve balance and
proprioception, and potentially the use of electrotherapeu-
tic methods should be provided to these patients.22. 23, 41,42
Exercises sessions should be performed monitoring heart
rate, oxygen saturation levels, and fatigue levels.2

Preliminary studies have also shown that cognitive
symptoms, such as memory and executive function prob-
lems, might persist for years after the initial WNV infec-
tion.2l. 28, 43 Therefore, assessing cognitive function and
offering cognitive rehabilitation, focusing on planning and
working memory enhancement, should be considered to
mitigate these challenges.43 Additionally, incorporating
occupational therapy into post-acute rehabilitation can
contribute to achieving social reintegration and indepen-
dence.?’

Taken together, our findings, while they may not lead to
definitive conclusions, highlight the importance of initiat-
ing early and comprehensive rehabilitation for individuals
with neuroinvasive WNV infections. However, our analy-
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sis also brings to light the absence of standardized proto-
cols in this context. Due to the epidemic nature and the
periodic outbreaks of the infection, ! conducting higher-
quality studies such as randomized controlled trials re-
mains difficult. Nevertheless, it is essential to propose fu-
ture studies that provide a more detailed description of re-
habilitative management and incorporate longer follow-up
periods. Furthermore, the outcome measures considered in
different studies should be broader, taking into account the
respiratory, psychological, and cognitive concerns experi-
enced by WNV patients, and should be more standardized
across studies.

Limitations of the study

Our best-evidence synthesis has some limitations. First,
the available literature on WNV rehabilitation is largely
composed of case reports and small case series, resulting
in limited generalizability to a broader population. The ab-
sence of large-scale, randomized controlled trials does not
allow the possibility to draw definitive conclusions about
the efficacy of specific rehabilitation interventions. Second,
the variability in the severity and clinical manifestations of
WNYV infections among patients introduces heterogeneity
in the available studies, making it challenging to establish
standardized rehabilitation protocols. Moreover, there is a
risk of publication bias, as studies with positive findings
are more likely to be published. Furthermore, the absence
or the relatively short follow-up periods in many studies
may not capture long-term outcomes accurately. Lastly,
the evolving nature of WNYV infection, with occasional
outbreaks and changing viral strains, underscores the need
for ongoing research to adapt rehabilitation approaches to
the latest developments in the field.

Conclusions

In conclusion, our analysis has highlighted that a tailored
and comprehensive rehabilitation approach targeting re-
spiratory, neuromuscular, cognitive, and psychosocial
aspects seems to be effective for the WNV patients’ re-
covery. Close collaboration with other healthcare profes-
sionals, social support systems, and family members is
important for effective management. The duration of the
rehabilitation program may vary depending on the indi-
vidual patient’s needs.

Although these observations are notable, they may not
lead to definitive conclusions. Indeed, while this best-
evidence synthesis provides a foundation for guiding the
rehabilitation of WNV patients, further studies involving
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larger patient cohorts and higher levels of evidence are
essential to comprehensively address the rehabilitation
needs of individuals affected by WNV.
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