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Abstract
BACKGROUND
[bookmark: _Hlk47987611]Data regarding the neuroradiology features of the West Nile virus neuroinvasive disease (WNV NID) is rather scarce. To contribute to the knowledge of the WNV NID, we present a patient with a combination of encephalitis and acute flaccid paresis, with cauda equina arachnoiditis as the main magnetic resonance (MR) finding.

CASE SUMMARY
[bookmark: _Hlk47984593]A 72-year-old female patient was admitted due to fever, headache and gait instability. During the first several days she developed somnolence, aphasia, urinary incontinence, constipation, and asymmetric lower extremities weakness. Cerebrospinal fluid analysis indicated encephalitis. Native brain computed tomography and MR were unremarkable, while spinal MR demonstrated cauda equina enhancement without cord lesions. Virology testing revealed WNV IgM and IgG antibodies in serum and cerebrospinal fluid, which confirmed acute WNV NID. The treatment was supportive. After two months only a slight improvement was noticed but cognitive impairment, loss of sphincter control and asymmetric inferior extremities weakness remained. The patient died after a month on chronic rehabilitation.

CONCLUSION
Cauda equina arachnoiditis is a rare, but possible neuroradiological feature in acute flaccid paresis form of WNV NID.
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[bookmark: OLE_LINK11][bookmark: _Hlk47984685]Core tip: Data regarding neuroradiology features of the West Nile virus neuroinvasive disease is scarce and cauda equina arachnoiditis is rare. We discuss a case of West Nile virus encephalitis and acute flaccid paresis of the lower extremities, with cauda equina arachnoiditis with focus on diagnostic management.


INTRODUCTION
West Nile virus (WNV) infection is an emerging zoonosis spreading across Europe over the last two decades[1-4]. The most severe clinical presentation is WNV neuroinvasive disease (WNV NID), affecting less than 1% of infected persons. WNV NID usually presents as meningitis, encephalitis, acute flaccid paralysis, or as a combination of the conditions above[5]. Although rare, WNV NID can be life-threatening, may require long-term hospitalization and rehabilitation, and leave long-lasting neurological sequelae[6]. The epidemiology, clinical presentation, and virology diagnostic methods of WNV infection are well established[7]. However, data on the WNV NID imaging is rather scarce, based on small case series and individual case reports. In WNV NID, brain magnetic resonance (MR) images may be normal or may indicate nonspecific findings in the basal ganglia, thalami, mesial temporal areas, brainstem, and cerebellum. Spinal MR images may show abnormalities affecting various levels of the spinal or, in rare cases, cauda equina enhancement[8]. To contribute to the knowledge of the WNV NID, we present a patient with a combination of encephalitis and α-fetoprotein, with cauda equina arachnoiditis as the main MR finding.

CASE PRESENTATION
Chief complaints
A 72-year-old patient sought medical attention for high fever, headache, and gait instability.

History of present illness
In July 2018, a 72-year-old female, was admitted to a local hospital due to a three-day fever, progressive frontal and occipital headache, and gait instability.
At admission, the patient had a fever of 39.0 °C, while other vital signs were normal. She appeared weary, slow in verbal and motoric responses, but completely oriented. Meningeal signs were negative. Neurological examination revealed symmetric fine intention hand tremor and instability while sitting and walking. Physical examination was otherwise unremarkable, besides irregular pulse due to atrial fibrillation. The patient's laboratory data at admission are presented in Table 1.
[bookmark: _Hlk47985116]Her non-contrast brain multi-slice computed tomography was normal. The spinal tap was postponed for 48 h due to anticoagulation therapy (dabigatran). Empirical therapy with acyclovir 1 g q8 h intravenously and doxycycline 100 mg q12 h orally were administered.
On the 6th day, the patient developed somnolence, aphasia, disorientation, urinary retention with asymmetric lower extremity weakness (weaker right leg). Repeated brain multi-slice computed tomography was unremarkable. Spinal tap results are presented in Table 1. The diagnosis of encephalitis was established. Due to neurologic deterioration, the patient was transferred to the Department for Intensive Care Medicine and Neuroinfectology in a tertiary institution.

History of past illness
Past medical history disclosed arterial hypertension, type 2 diabetes, hyperlipidemia, and permanent atrial fibrillation. The patient was taking amlodipine, bisoprolol, metformin, simvastatin and dabigatran.

Physical examination
The patient was transferred to a tertiary institution in severely impaired general condition. Her vital signs were as follows: temperature 36 °C, heart rate 160 beats per minute, respiratory rate 16 breaths per minute, blood pressure 140/85 mmHg and oxygen saturation in room air 95%. She was unable to walk or sit, she was somnolent, opening eyes on demand and demonstrating signs of Wernicke’s aphasia (impaired comprehension with meaningless speech), without obvious signs of cranial nerves’ dysfunction. Muscle tone, strength and deep tendon reflexes were normal on upper extremities, while low on inferior extremities, more on the right side. Plantar response was “silent” on both sides. Abdominal cutaneous reflexes were normal. The patient had urinary catheter placed due to urinary retention. Rectal tone was decreased, the patient was incontinent for feces, and anal wink test was absent. No tremor was noticed. Sensory exam could not be performed due to the patient’s limited communication abilities. The remaining physical examination was unremarkable, besides absolute arrhythmia due to atrial fibrillation. 

Laboratory examinations
The patient's laboratory results at admission to the tertiary institution are listed in Table 1. The cerebrospinal fluid (CSF) Gram-stain was unremarkable, the 16S rDNA test of CSF was negative, and the culture did not yield any pathogen. The CSF was further analyzed by polymerase chain reaction and proven negative for herpes simplex virus 1/2, varicella-zoster virus, enteroviruses and Listeria monocytogenes. Anti-HIV, HIV antigen and Treponema pallidum hemagglutination assay were negative. Serology for Borrelia burgdorferi in serum and CSF was negative. 
[bookmark: _Hlk47986033][bookmark: OLE_LINK3]CSF, serum and urine samples were tested for the presence of neuroinvasive arboviruses: tick-borne encephalitis (TBEV), WNV, Usutu (USUV), Toscana (TOSV), Tahyna ˙(TAHV) and Bhanja virus (BHAV). CSF, urine and serum samples were tested using a reverse-transcriptase polymerase chain reaction (RT-PCR): TBEV (Schwaiger et al[9]), WNV (Tang et al[10]), USUV (Nikolay et al[11]), TOSV (Weidmann et al[12], 2008), TAHV (Li et al[13], 2015) and BHAV (Matsuno et al[14], 2013). In addition, CSF and serum samples were tested for the presence of TBEV, WNV and USUV IgM and IgG antibodies using commercial enzyme-linked immunosorbent assays (TBEV, WNV, USUV - Euroimmun, Lübeck, Germany) and indirect immunofluorescence assay (TOSV - Euroimmun, Lübeck, Germany). According to the European Union case definition[7], WNV infection was confirmed by detection of IgM and IgG antibodies in both serum and CSF samples. Detection of low IgG avidity index as well as dynamics of IgG antibodies in consecutive serum samples (days 8, 15 and 22) further supported acute WNV infection (Table 2). WNV RNA was not detected in CSF, urine nor serum samples. 

Imaging examinations
[bookmark: _Hlk47987170][bookmark: _Hlk47987232]Magnetic resonance (MR) imaging of the brain and lumbosacral spine was performed using a 1.5T MR scanner (Symphony; Siemens Medical Solutions, Erlangen, Germany). The brain MR protocol consisted of sagittal T1-weighted spin-echo, axial T2-weighted fast-spin echo, axial T2-weighted fast-spin echo fat saturated, axial fluid-attenuated inversion recovery, pre- and post-contrast axial T1-weighted spin-echo fat saturated. Brain MR demonstrated nonspecific microvascular lesions in the periventricular regions and deep white matter. The lumbosacral MR protocol consisted of sagittal and axial T1 and T2 weighted image; postcontrast sagittal fat saturated T1 weighted image. It demonstrated intensive cauda equina enhancement as shown in Figure 1 (A and B). 
[bookmark: _Hlk47987400]The electroencephalogram was diffusely irregular and diffusely slow. The electromyoneurography was not performed due to technical issues at the time.

Personal and family history
The patient was retired, living alone and taking care of herself. Exposure history revealed that the patient lived in a rural suburb in the Karlovac County, about 200 m from the Kupa River. She denied contact with animals. A few weeks before the illness, she noticed frequent mosquito bites and no tick bites. She denied traveling during the past months, as well as vaccination. 

FINAL DIAGNOSIS
The final diagnosis of WNV encephalitis with acute flaccid paresis of the lower extremities due to cauda equina arachnoiditis was established.
The presented case was identified as an index case of WNV infection in Croatia in 2018, diagnosed in Karlovac County, where no autochthonous WNV infections were previously reported[15]. 

TREATMENT
The patient was initially empirically treated with acyclovir 1 g q8 h intravenously and doxycycline 100 mg q12 h orally, until the diagnosis of WNV neuroinvasive disease was confirmed. Afterwards, supportive therapy and physical rehabilitation were applied. 

OUTCOME AND FOLLOW-UP
The patient was hospitalized for eight weeks with a limited recovery. She recovered from aphasia but remained with a severe cognitive dysfunction. She was able to sit unassisted, but unable to walk. Lower extremity weakness slightly improved, but the patient remained incontinent for urine and feces. The hospitalization was complicated with healthcare-associated urinary tract infection and pneumonia. After two months the patient was discharged to a chronic rehabilitation facility where she succumbed to another pneumonia episode after a one-month period.

DISCUSSION
[bookmark: _Hlk47987503]The presented WNV NID case raises several discussion points. The present knowledge about WNV NID neuroradiological findings is based on a rather small number of images. PubMed database search, using combination of terms “West Nile virus”, “WNV”, “encephalitis”, “myelitis”, “cauda equina”, and “magnetic resonance“ (MR), has identified seven publications in total (five case series and two individual cases). Four case series originated from the United States (three in 2002, one comprising patients from 1996 to 2016), and one from Serbia (in 2012)[6,8,16-18]. The total number of patients included was 147, the total number of patients with brain MR performed was 75, while the total number of patients with spinal MR was 33. Individual case reports present patients from 2012, one from the United States and one from Korea[19,20]. 
Most of the analyzed studies date back to the early 2000s[5,8,16,17]. Therefore, it would probably be useful to examine future WNV NID patients with new MR technologies to better characterize this clinical entity. 
When analyzing only patients with abnormal spinal MR from the publications previously mentioned, the isolated cauda equina lesions were observed in seven, while combined spinal cord and cauda equina lesions were observed in three patients. Therefore, taking into consideration a rather small number of published cases, the question arises whether WNV has a predilection for the cauda equina. To provide an answer to this question, detailed neuroradiological examinations of the WNV NID patients are required. Clinicians as well as radiologists must be aware of this possibility, even though it is rare, and include a postcontrast scan of the spinal cord, cauda equina and nerve roots in the scanning protocol.
[bookmark: _Hlk47987206]Only one study so far deals with the correlation of WNV NID neuroradiological findings and short-term disease outcomes[8]. It demonstrates that patients with fluid-attenuated inversion recovery and T2 weighted image brain and brain-stem changes have the worst outcomes, while the patients with spinal cord and nerve roots involvement have moderate-to-severe residual deficits. Indeed, new research demonstrating the correlation between clinical presentation, neuroradiological findings, and short and long-term outcomes is warranted.
Finally, the clinicians should have in mind that cauda equina enhancement is also described in the subarachnoid spread of neoplasms, central nervous system sarcoidosis, Guillain-Barré syndrome, and other viral central nervous system infections[21-23]. 
Our case has one limitation. The electromyoneurography was not performed due to technical issues at the time. This diagnostic procedure is highly recommended to elucidate the complex neurophysiology of the weakness in WNV NID[24]. 
Nevertheless, our case is a rare and detailed description of WNV NID, presenting as encephalitis and α-fetoprotein with cauda equina arachnoiditis. We believe it contributes to the knowledge of MR appearances in WNV NID.
Besides, this is the westernmost case since the first appearance of WNV NID in Croatia in 2012[25,26], occurring in Karlovac County, bordering the Republic of Slovenia.

CONCLUSION
Cauda equina arachnoiditis is occasionally described on spinal magnetic resonance in patients with WNV NID. Therefore, there is a possibility that WNV has a predilection for the cauda equina area. We propose that magnetic resonance of the entire neuroaxis should be carried out in WNV NID patients to better characterize this relevant emerging clinical entity and its outcomes. 
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Figure Legends
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[bookmark: _Hlk47990979]Figure 1 Lumbosacral magnetic resonance imaging scan with intravenous Gadolinium administration in a patient with West Nile virus encephalitis and acute flaccid paresis. A: Lumbar spine, midsagittal magnetic resonance, contrast-enhanced T1 fat saturation weighted image demonstrated no extrinsic compression, abnormal signal, or enhancement of the lower part of the spinal cord. There was a marked enhancement of the ventral nerve roots of the cauda equina (white arrows) B: Sagittal contrast-enhanced T1 fat saturation weighted through the region of the cauda equina shows abnormal – prominent enhancement of the nerve roots (white arrows).

Table 1 Laboratory results in a patient with West Nile virus neuroinvasive disease and cauda equina arachnoiditis
	Parameter
	Day tested 41
	Day tested 10
	Reference range

	Cerebrospinal fluid examination
	
	
	

	Cell count/mm3
	99
	90
	0-5

	Mononuclear cells (%)
	80
	96
	Mononuclear 100%

	Proteins (g/L)
	1.143
	1.0
	0.17–0.37

	Glucose (% of blood glucose)
	32%
	52%
	60%-70%

	Blood examination
	
	
	

	C-reactive protein (mg/L)
	0.2
	7.3
	< 5.0

	White blood cells (× 109/L)
	9.1
	9.7
	4.0–10.0

	Platelets (× 109/L)
	156
	150
	100-400

	Red blood cells (× 1012/L)
	4.73
	5.59
	4.4-5.8

	Hemoglobin (g/L)
	128
	149
	120–180

	Bilirubin (μmol/L)
	-
	20
	3.0–20.0

	Aspartate-aminotransferase (U/L)
	37
	32
	11–38

	Alanine-aminotransferase (U/L)
	27
	31
	12–48

	Gamma-glutamyltransferase (U/L)
	-
	77
	11–55

	Lactate dehydrogenase (U/L)
	206
	234
	< 241


1First cerebrospinal fluid examination on day 6.

Table 2 Virology results in a patient with West Nile virus neuroinvasive disease and cauda equina arachnoiditis
	Virus
	Day tested
	Serology
	RT-PCR

	
	
	Serum ELISA IgMa/IgGb
	[bookmark: _Hlk47991588]CSF ELISA IgMa/IgGb
	[bookmark: _Hlk47991697]Serum IFA IgM/IgG
	IgG avidityc
	CSF
	Urine
		Serum

	TBEV
	8
	Neg (0.32)/Neg (4.61)
	Neg (0.24)/Neg (< 2)
	NT
	NT
	Neg
	Neg
	Neg

	WNV
	8
	Pos (4.40)/Pos (29.31)
	Pos (4.61)/Pos (44.67)
	NT
	Low (3%)
	Neg
	Neg
	Neg

	
	15
	Pos (4.18)/Pos (115.23)
	
	
	
	
	
	

	
	22
	Pos (4.47)/Pos (143.64)
	
	
	
	
	
	

	USUV
	8
	NT/Neg (10.95)
	NT/Neg (12.04)
	NT
	NT
	Neg
	Neg
	Neg

	TOSV
	8
	NT
	NT
	Neg/Neg
	NT
	Neg
	Neg
	Neg

	TAHV
	8
	NT
	NT
	NT
	NT
	Neg
	Neg
	Neg

	BHAV
	8
	NT
	NT
	NT
	NT
	Neg
	Neg
	Neg


aratio < 8 negative, 8-1.1 borderline, > 1.1 positive; bRU/ml < 16 negative, 16-22 borderline, > 22 positive; cavidity index < 40% low, 40-60% borderline, > 60% high. TBEV: Tick-borne encephalitis virus; WNV: West Nile virus; USUV: Usutu virus; TOSV: Toscana virus; TAHV: Tahyna virus; BHAV: Bhanja virus; NT: Not tested; RT-PCR: reverse-transcriptase polymerase chain reaction; ELISA: Enzyme-linked immunosorbent assays; CSF: Cerebrospinal fluid; IFA: Immunofluorescence assay.
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