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Sandfly virus seroconversion associated
with neurologic presentation

ABSTRACT

Objective: To describe the clinical presentation and unique neurologic manifestations of sandfly
viruses (SFVs) in the Jerusalem area.

Methods: We identified all patients with acute seroconversion to SFV at the Hadassah-Hebrew
University Medical Centers during the years 2008–2013 and retrospectively collected and ana-
lyzed the clinical and imaging data.

Results: Nine patients (ranging from 1.5 to 85 years old) were identified. Presentation included acute
neurologic disease, mostly with fever, change in consciousness and behavior, seizures, headache,
meningitis, limb paresis, or myelitis. Eight patients had clinical signs of meningitis, meningoencephali-
tis, or encephalitis alone. Four patients had myelitis. MRI identified pathologic symmetrical changes in
the basal ganglia, thalami, and other deep structures in 5 patients, and additional myelitis of the spine
was noted on imaging in 3 patients. Seven patients had long-term follow-up: 4 completely recovered
and 3 had remaining neurologic sequelae, among them 1 with permanent severe brain damage.

Conclusion: Neurologic involvement associated with acute SFV infections is considered to be
benign. However, in this series, all 9 patients presented with significant neurologic pathology
associated with a unique finding of myelitis and symmetrical basal ganglia, thalami, or white mat-
ter involvement. Thus, acute SFV infection should be included in the differential diagnosis in feb-
rile onset of neurologic manifestations and neuroradiologic changes. Neurol Neuroimmunol

Neuroinflamm 2016;3:e184; doi: 10.1212/NXI.0000000000000184

GLOSSARY
EBV 5 Epstein-Barr virus; FLAIR 5 fluid-attenuated inversion recovery; SFCV 5 sandfly fever Cyprus variant; SFNV 5
sandfly fever Naples virus; SFSV 5 sandfly fever Sicilian virus; SFV 5 sandfly virus; TOSV 5 Toscana virus; WNV 5 West
Nile virus.

Phleboviruses (sandfly viruses [SFVs]) comprise a genus in the Bunyaviridae family. The human
pathogens of Phleboviruses are the sandfly fever Naples virus (SFNV), Toscana virus (TOSV),
sandfly fever Sicilian virus (SFSV), and sandfly fever Cyprus variant (SFCV).1 Recently a few
new members were described,1 and Rift Valley fever virus is also a member of this family.

The main vector for SFVs is the Phlebotomine group of sandflies, and Phlebotomus papatasi,
P pernisiousus, P arisi, and P perfiliewi are the vectors in the Mediterranean basin.2 In Israel, 2
Phlebotomine flies have been documented: P papatasi and P sergenti.3–6 A serologic survey in
Israel suggested that the prevalence of SFSV and SFNV antibody increases with age, up to
23.7% (SFSV) and 30.8% (SFNV).4 In geographically adjacent Jordan and Cyprus, the sero-
prevalence rate ranged from 32% to 57% for SFSV and SFNV.7,8

The clinical presentation of Mediterranean SFV infection in the Mediterranean basin is thought
to be mild in most cases and includes acute nonfatal influenza-like disease.6,9 Therefore, it was
named “three-day fever,” “pappataci fever,” and “dengue Mediterranean.”9

*These authors contributed equally to the manuscript.

From the Departments of Neurology (C.M., A.H., T.B.-H., R.E.), Pediatrics (H.Q., D.A.), Radiology (J.M.G.), Medicine (A.E.-R.B.), and Clinical
Microbiology and Infectious Diseases (A.E.M., R.N.-P.), Hadassah-Hebrew University Medical Center, Jerusalem, Israel; and Israel Central
Virology Lab (H.B., Y.L.), Ministry of Health, Tel Hashomer, Israel.

Funding information and disclosures are provided at the end of the article. Go to Neurology.org/nn for full disclosure forms. The Article Processing
Charge was paid by Hadassah-Hebrew University Medical Center.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-
ND), which permits downloading and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially.

Neurology.org/nn © 2015 American Academy of Neurology 1

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:ran.nirpaz@gmail.com
http://nn.neurology.org/lookup/doi/10.1212/NXI.00000000000000184
http://nn.neurology.org/lookup/doi/10.1212/NXI.00000000000000184
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://neurology.org/nn


SFV neurologic manifestations were previ-
ously mostly associated with TOSV.6 Disease
presentation includes fever, myalgia, severe fron-
tal headache, vomiting, and neck rigidity

associated with meningitis or meningoencepha-
litis.9,10 TOSV infection can also be asymptom-
atic or present with mild symptoms.9,10

However, no focal neurologic or myelopathic
manifestations and no abnormalities in CNS
imaging have been reported.

Here we report a series of 9 patients in
whom acute seroconversion to SFV included
severe neurologic involvement.

METHODS The Hadassah-Hebrew University Medical

Center is a tertiary medical center in Jerusalem, Israel, with

more than 1,000 admission beds in 2 campuses. The medical

center provides both inpatient and outpatient care. Primary

outpatient care is managed by the patients’ health maintenance

organizations. Patients who are admitted usually belong to the

greater Jerusalem area (more than a million population). The

admission area includes the Jordan Valley and Judean regions,

the urban area of Jerusalem, and the West Judean foothills,

including villages and smaller urban areas. Referrals are also

made from adjacent rural and urban communities in the

Palestinian authority and from other parts of Israel.

We identified all patients who had an acute seroconversion

for SFV during the years 2008–2013. Patients were included only

if they had 2 serum samples taken at least 10 days apart. Serology

was performed in the Israeli Central Virology Reference Labora-

tories of the Israeli Ministry of Health using a commercial kit

(Euroimmun AG, Lübeck, Germany). Patients were classified as

having definite SFV infection if double serology was available and

showed a 4-fold rise in titers between the 2 samples or evolvement

of new IgG antibodies that suggest acute infection according to

the kit manufacturer instructions (table e-1 and figure e-1 at

Neurology.org/nn). All patients had no alternative diagnosis. In

all cases extensive evaluation for other possible etiologies (includ-

ing West Nile virus [WNV]) was negative. Six of 9 patients were

eligible for reconfirmation performed at least 1 year following the

original test. The chart of each patient was reviewed by at least 2

physicians, and all the available data regarding clinical presenta-

tion, neurologic presentation, and demographics were collected.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Hadassah-Hebrew

University Ethics Committee (HMO12-0054) as a retrospective

study without the need for patient consent.

RESULTS Nine patients with acute seroconversion to
SFV were identified (table 1 and table e-1). Patient ages
ranged from 1.5 to 85 years old (mean age5 31 years).
Seven patients were living in the eastern part of Jerusa-
lem or east of Jerusalem, and 2 were tourists who came
to Jerusalem only 1 week prior to admission and were
staying in the same area. Five of 9 cases occurred during
the winter (October–January), 1 case occurred during
the summer (July), and 3 occurred in the late spring
(April–May). Five of the 9 patients had comorbidities (2
had cardiovascular and metabolic syndrome, 1 had cir-
rhosis and cardiovascular morbidity, 1 had recurrent
urinary tract infection, and 1 had a psychiatric disorder).

The main reason for referral to the hospital was
meningitis or encephalitic presentation with a change

Table 1 Patient characteristics

Parameters Demographic
Median/no. of
patients Range

M:F 4:5

Age, y 30 1.5–85

Previous known diseases 5

Local resident 7

Warm season 5

Clinical presentation

Time from presentation to
admission, d

1 1–10

Manifestations Behavioral change 7

Fever 7

Seizures 7

Headache 3

Plegia/paresis 5

Myelitis 4

Opisthotonus 1

Meningitis 4

Laboratory results WBC, cells/mm3 12,800 4,900–18,400

LYM, % 24.8 12.1–84.7

PMN, % 60.2 7.3–88.2

CSF LYM, cells/mm3 10 0–48

CSF PMN, cells/mm3 0 0-26

CSF protein 279 100–3,135

CSF glucose 3.8 2–5

Leukocytosis 5

Lymphocytosis 6

Neutrophilia 2

Abnormal creatinine 1

Abnormal liver enzymes 2

CSF pleocytosis 2

CSF predominant lymphocytes 2

CSF high total protein 2

CSF normal glucose (n 5 7) 6

EEG Abnormal EEG (n 5 7) 6

Imaging studies Abnormal brain MRI (n 5 6) 5

Abnormal spinal MRI (n 5 3) 3

Clinical course

Length of admission, d 30 8–90

Outcome (n 5 9) Alive 9

Neurologic sequelae 4

Abbreviations: LYM 5 lymphocytes; PMN 5 polymorphonuclear cells; WBC 5 white blood
cell count.
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in consciousness or in behavior (7 of 9 patients) and
with convulsions (6 of 7 patients). One patient who
also presented with confusion had nonconvulsive
epileptiform activity on EEG. On admission, 6 of 9
patients had fever. Two patients also had thrombocy-
topenia. The time interval between symptom onset
and admission was 1.5 days (median 1; range 1–6
days).

Most patients developed focal neurologic signs
during the course of disease. Four patients developed
myelitis (1 on presentation and the others 7–15 days
after disease onset) that presented as flaccid tetrape-
resis in all with lower limb clonus in 2 patients and
hyperreflexia in 1 patient. Five patients had hemipa-
resis and 1 patient had opisthotonus. Respiratory fail-
ure occurred in 5 patients and required mechanical
ventilation.

Laboratory evaluation revealed that most of the
patients (6 of 9) had mild leukocytosis on presenta-
tion (median 12,800 cells/mm3; range 4,900–
18,400 cells/mm3). Lymphocytosis was present in 2
patients and thrombocytopenia was present in 2 pa-
tients. Lumbar puncture was performed in all 9 pa-
tients, but only 4 had pleocytosis with predominant
lymphocyte count. Only 2 patients had a high level of
protein in the CSF (values above 150 mg/dL). Glu-
cose level in CSF was normal in all 9 patients.

Brain CT was normal in all patients. Brain MRI
was performed in 6 patients and spinal MRI in 4 pa-
tients. Brain MRI signal changes were found in 5 pa-
tients (table 2, figure 1). Signal changes were
characterized by T2/fluid-attenuated inversion recov-
ery (FLAIR) hyperintensities located mainly in the
basal ganglia, the thalami, and the white matter bilat-
erally. White matter T2/FLAIR hyperintensities were
found in 3 patients. Corpus callosum involvement
was found in 2 patients. Pial enhancement was found

in 3 patients. In the most severe case there were bilat-
eral asymmetrical nonenhancing lesions (with
restricted diffusion and T2/FLAIR hyperintense
lesions) that started in the frontal areas and extended
to involve the temporal lobes. Six weeks later, follow-
up brain MRI showed atrophy of those areas, reflect-
ing permanent severe brain damage, and corpus
callosum edema with no gadolinium enhancement.
This patient ended up with severe irreversible brain
damage. Resolution of signal changes on follow-up
brain MRI was found in 2 patients, both of whom
have had full recovery. None of the patients had
hemorrhages or microhemorrhages on T2* sequence.

Spinal MRI was performed in 3 of the 4 patients
who had myelitis (table 3, figure 2). Anterior longi-
tudinal enhancement with T1 gadolinium involving
white and gray matter was found in all of these pa-
tients. One patient showed enhancement in the entire
cervical spine with medullary involvement (figure 2),
and 2 showed enhancement in the cervical spine
without medullary involvement. Hyperintensity in
T2 sequence was found in 2 cases.

The dramatic systemic and neurologic manifesta-
tions dictated lengthy hospitalizations. The median
length of admission was 30 days (range 8–90 days),
and 5 patients were admitted for longer than
1 month.

Seven patients had long-term follow-up. Four pa-
tients fully recovered: 2 patients recovered completely
before discharge and 2 patients had some neurologic
sequelae requiring rehabilitation (most of which
improved thereafter). We have follow-up data on 3
of the 4 patients who had myelitis—all recovered
completely. The other 3 patients had fixed neurolog-
ical sequelae. One previously healthy 64-year-old
woman developed a short-term memory defect and
an abnormal pattern on follow-up EEG. One

Table 2 Brain imaging abnormalities by MRI

Patient Corpus callosum Basal ganglia Thalamus Brainstem
Internal
capsule

External
capsule

Subcortical
white matter Cortex

1 Restricted diffusion
of the splenium

T2 and FLAIR
hyperintensity

T2 and FLAIR
hyperintensity

4 T2 and FLAIR
hyperintensity

5 T2 and FLAIR
hyperintensity with
restricted diffusion
and gadolinium
enhancement

T2 and FLAIR
hyperintensity
with restricted
diffusion

7 T2 and FLAIR
hyperintensity

T2 and FLAIR
hyperintensity

T2 and FLAIR
hyperintensity

9 T2 and FLAIR
hyperintensity with
restricted diffusion
and gadolinium
enhancement

T2 and FLAIR
hyperintensity
with restricted
diffusion

T2 and FLAIR
hyperintensity
with restricted
diffusion

T2 and FLAIR
hyperintensity
with restricted
diffusion

Abbreviation: FLAIR 5 fluid-attenuated inversion recovery.
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12-year-old girl had tetraplegia and was referred to a
rehabilitation center for further treatment. On
follow-up 1 year later, she could recognize her rela-
tives but couldn’t speak, and she walked with spastic
gait. The third patient, a previously healthy 1.5-year-
old child has permanent severe brain damage result-
ing in severe static encephalopathy, hemiplegia, and
uncontrolled seizures.

We also found some asymptomatic seropositive
patients. For example, we tested the 5 family mem-
bers of the patient with the most severe neurologic
sequelae (the 1.5-year-old child) for SFV serology.
The 2 parents (both positive for IgM and IgG), a twin
sister (positive for IgM and IgG), and another sister
(positive for IgM) were positive and asymptomatic
clinically. Her brother was seronegative.

Because of the cross-reactivity between the 4 SFV
types available in the kit, it is hard to determine the
specific SFV involved (table e-1). However, most of
the patients (8 of 9) had seroconversion to either
TOSV (6 patients) or SFNV (6 patients). In 7 of 9
patients there was also seroconversion to other SFVs
(SFSV in 4 patients, SFCV in 6 patients).

DISCUSSION Here we report a series of 9 patients
with an acute severe febrile disease and neurologic
manifestations associated with seroconversion to
SFV in Jerusalem, Israel. A major observation was
that SFV is present in Jerusalem and its adjacent area,
mainly to the east. Also, we identified unique prom-
inent features of severe neurologic manifestations in
patients infected with SFV. These included major
behavioral and psychiatric manifestations, hemipare-
sis, myelitis, respiratory failure requiring mechanical
ventilation and intensive care unit admission with
prolonged recovery, and, in one 1.5-year-old child,
permanent severe brain injury. In addition to the
severe course of disease, we also report myelitis
(in 4 of 9 patients) in association with SFV
seroconversion.

Behavioral changes have been reported previously
in some patients with SFV infection.11 Respiratory
failure,12 short-term memory defect or other mild
cognitive decline,13,14 blurred vision and headache,15

abducens nerve palsy,15 persistent personality
changes,12 paraparesis,16 brain ischemia with paresis
and aphasia,17 and seizures13 have been reported in
previous case reports as exceptions to the usual benign
disease. However, this study of 9 patients highlights
the severe course in most patients with CNS involve-
ment. This is also evidenced by the prolonged recov-
ery process in some patients and the severe fixed
sequelae in others.

It is interesting that the severe clinical features
were accompanied by only mild CSF pleocytosis.
However, they were associated with extensive MRI
abnormalities. In most previous reports on SFV infec-
tions, no brain abnormality was found by CT or
MRI.6 We found signal changes on brain MRI, which
have never been associated with SFV infection before,
in 5 of 6 patients who underwent this test. Those
signal changes were located mainly in the basal gan-
glia, the thalami, and the white matter bilaterally.
Brain histology from mice infected with TOSV re-
vealed widespread degeneration and gray matter cell
death in deep nuclei and hippocampus. Cortical gray
matter showed less severe and focal damage.18 In the
1.5-year-old patient who presented with the most
severe clinical manifestations, we found extensive sig-
nal changes in cortical and subcortical areas. This
finding is similar to an unusual report that docu-
mented a hyperintense spot attributable to gliosis

Figure 1 Brain MRI characteristics of patients
with sandfly virus infection

(A) Brain MRI of patient 5 (12 years old) showing bilateral
restricted diffusion in the basal ganglia (B) Brain MRI of
patient 1 (28 years old) showing restricted diffusion in the
corpus callosum splenium. Follow-up MRI after 8 days
showed resolution of this lesion (C) Brain MRI of patient 5
(12 years old) showing upper brain stem hyperintensity on
T2/fluid-attenuated inversion recovery (FLAIR). (D) Brain
MRI of patient 9 (1.5 years old) showing T2/FLAIR hyperin-
tensity in internal capsule, external capsule, and subcortical
white matter.

Table 3 Spinal cord abnormalities on MRI

Patient Long tracts Gray matter

1 Symmetrical T2 hyperintensity with
gadolinium enhancement

4 Symmetrical gadolinium enhancement Symmetrical gadolinium
enhancement

8 Symmetrical T2 hyperintensity with
gadolinium enhancement and restricted
diffusion

T2 hyperintensity with gadolinium
enhancement and restricted
diffusion
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bilaterally in the frontal subcortical areas.12 Similar
brain MRI signal changes were reported with other
viruses.19 For example, bilateral T2/FLAIR hyperin-
tensities of the basal ganglia present in encephalitis
caused by Epstein-Barr virus (EBV) and WNV; bilat-
eral thalamic hyperintensities in T2/FLAIR present in
encephalitis caused by EBV, WNV, rabies, and influ-
enza virus; brainstem hyperintense lesions are seen
with WNV encephalitis and rabies encephalitis; white
matter signal changes are seen with influenza virus
encephalitis; and transient corpus callosum splenium
lesion with restricted diffusion can be seen with EBV
encephalitis, WNV encephalitis, and influenza virus
encephalitis. As mentioned above, we ruled out other
possible viral etiologies in our patients.19 This report
stresses the possible association of signal changes in
the basal ganglia, thalami, and white matter with SFV
seroconversion.

Anterior longitudinal enhancement involving
white and gray matter was found on spinal MRI. Hy-
perintensities in the upper spinal cord have been re-
ported with rabies virus19 but have not previously
been noted to be associated with SFV seroconversion.

Four of 9 (44.4%) patients were younger than 15
years old. In contrast, in Tuscany, children represented
only 10.3% of TOSV infections during 1990–1995 in
Sienna.20 Similarly, during the period 1999–2006, the
seroprevalence rate in Sienna was 19.8% in adults and
5.8% in children, suggesting an age-dependent expo-
sure to TOSV and corresponding increased specific
immunity. However, this might be attributed to an
inherent selection bias in our series because we only
reported admitted patients and could not evaluate the
real exposure in the community.

In contrast to most of the reports, in which peak
incidence of TOSV is in the warmer season,9,11,21 in

our series there was no association with season: 5 of 9
cases were diagnosed during the warmer months
(spring and summer) and 4 were diagnosed during
the cold season. However, other arboviruses were
found to have climate-dependent transmission,22

and in tropical areas, virus transmission can be found
throughout the year. In more temperate climates,
virus transmission from vector to the host occurs dur-
ing the warm season.23 In Jerusalem, the median tem-
perature during the incubation period was 21.3°C
(range 16.25°C–26.25°C). Specifically, in cases that
have occurred during colder months, the median
temperature during the incubation period was
18.95°C (range 15°C–22.85°C), only a little different
from temperatures in the warmer months. Longer
duration of warm weather has been suggested as
changing the distribution of 1 of the sandfly species
in the vicinity of the Jerusalem urban area and might
cause more cases23; however, the presence of SFV in
this vector still needs to be proven.

It is interesting that 2 of our patients were tourists
from nonendemic areas. They had stayed in Jerusa-
lem for a week before onset of symptoms. Because
the incubation period of the SFV is 4–8 days,24 they
were probably exposed to the virus only after arriving
in Jerusalem. It is known that SFV-induced menin-
gitis is less frequent in individuals from endemic
zones, probably because of anti-TOSV immunity in
the resident adult population. This suggests that tou-
rists from areas where TOSV is not endemic are the
target population.6

Most of the patients presented here had serocon-
version to SFNV serotype, predominantly TOSV.
Because our study was hospital-based and involved
only patients with neurologic manifestations who
required broader investigation, selection bias is possi-
ble. This is evidenced by the fact that when we tested
all asymptomatic family members of one of the pa-
tients we found that most of them (4 out of 5) were
seropositive. However, taking into account the exten-
sive neurologic presentation described here, it is pos-
sible that there is a need to expand the spectrum of
patients that are screened for SFV infection, especially
when there are compatible MRI abnormalities, as
described in this report.
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Figure 2 Spinal MRI characteristics of patients with sandfly virus infection

(A) Spinal MRI of patient 1 (28 years old) showing anterior longitudinal T2 hyperintensity of
whole cervical spinal cord through the medulla (axial section). (B) Spinal MRI of patient 1 (28
years old) showing anterior longitudinal T2 hyperintensity of whole cervical spinal cord
through the medulla (sagittal section).
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