
Toscana phlebovirus (TOSV; genus Phlebovirus, 
family Phenuiviridae) is transmitted by sand 

fl ies. Three genetic lineages (A, B, and C) with dif-
ferent geographic distribution have been described 
to date. TOSV is the only sand fl y–transmitted vi-
rus causing neuroinvasive disease in humans and 
the most prevalent arthropodborne virus in the 
Mediterranean area; however, it remains a neglect-
ed pathogen and is seldom included in the diag-
nostic algorithm for central nervous system (CNS) 
infections (1–4).

An increased number of acute viral CNS infec-
tions were reported during the summer and fall sea-
sons during 2016–2018 in Romania. Many of them, 
including severe cases, were confi rmed as West Nile 
virus (WNV) infections; additional cases were caused 
by herpes and enteroviruses infections (5). Neverthe-
less, several severe cases, diagnosed mainly in elderly 
patients, remained without a known etiology. We 
describe the evidence of TOSV involvement in these 
neuroinvasive infections in patients admitted to a 

tertiary-care facility (Dr. Victor Babes Clinical Hospi-
tal of Infectious Diseases, Bucharest, Romania).

The Study
We tested 31 adult patients (18 in 2017 and 13 in 2018) 
with neurologic manifestations; all tested negative by 
cerebrospinal fl uid nucleic acid testing for WNV, her-
pesviruses, and enteroviruses. Seven confi rmed cases 
and 1 probable case of TOSV neuroinvasive disease 
were identifi ed by real-time reverse transcription 
PCR (rRT-PCR); cycle threshold values ranged from 
34.61 to 41.18.

All cases were characterized by progression to 
severe illness (encephalitis in 7 cases and meningo-
encephalitis in 1 case). Cerebrospinal fl uid (CSF) was 
analyzed after lumbar puncture in all patients. Com-
puted tomography of the brain was performed in 7 
cases, and cerebral magnetic resonance imaging was 
performed in 1 case.

Median age of patients was 77.75 years (range 
68–91 years); 5 were men, and 3 were women. Un-
derlying conditions were recorded in all patients, 
most frequently hypertension (5 cases), diabetes mel-
litus and ischemic heart disease (3 cases), and stroke 
sequelae and congestive heart failure (2 cases). Five 
patients died, 2 recovered with sequelae, and 1 had 
complete recovery.

Although this is a retrospective study, informed 
consent was obtained from each patient included 
in the study as part of the routine hospital activity. 
Demographic data, clinical features, diagnostics and 
outcome of patients are summarized in Appendix Ta-
ble (https://wwwnc.cdc.gov/EID/article/27/5/20-
4598-App1.pdf).

In all patients TOSV RNA was detected by using 
a TaqMan assay. Standard nested PCRs for large and 
medium segments were negative for all tested sam-
ples. In the 7 confi rmed cases, both CSF and serum 
samples collected 1–4 days after illness onset were 
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We describe a series of severe neuroinvasive infections 
caused by Toscana virus, identifi ed by real-time reverse 
transcription PCR testing, in 8 hospitalized patients in Bu-
charest, Romania, during the summer seasons of 2017 
and 2018. Of 8 patients, 5 died. Sequencing showed that 
the circulating virus belonged to lineage A.
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positive and the rRT-PCR amplicons were sequenced. 
In the probable case, only the serum sample was posi-
tive, but no sequence could be obtained. Urine sam-
ples collected on day 3 after illness onset in 2 patients 
were also positive by rRT-PCR.

On the basis of the short sequence of the small 
genomic segment derived from our patient samples, 
we determined that the virus belongs to genetic lin-
eage A. The sequences were deposited in the Euro-
pean Nucleotide Archive (accession nos. LR735597–
603) (Figure)

The serologic tests performed poorly in these 
patients; IgM was detected in only 1 patient by indi-
rect immunofluorescence test at the lowest dilution 

of 1:10. In 2 convalescent patients, seroconversion for 
IgG was found in samples collected 28 days apart by 
indirect immunofluorescence test in 1 patient and by 
immunoblotting in both patients.

Conclusions
We describe 8 cases of CNS infections with TOSV, 
all in elderly patients, 7 of whom were residents of 
the city of Bucharest and 1 of the surrounding county 
(Ilfov). The onset dates ranged from June 17–Septem-
ber 1, overlapping the transmission period of WNV 
in the Bucharest area. Simultaneous occurrence of 
cases of vectorborne WNV and TOSV CNS infections 
were previously reported in southeastern Europe 
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Figure. Phylogenetic tree of TOSV identified in 8 patients, Bucharest and surrounding area, Romania, 2017–2018, and reference sequences. 
Red diamonds indicate sequence obtained in this study; the other sequences included in the analysis were retrieved from GenBank. Numbers 
at nodes represent bootstrap percentages (values <50% are not shown). Phylogenetic relatedness was inferred from a 111-nt sequence 
of nucleocapsid gene, small segment (positions 1392–1502, numbering according to GenBank accession no. NC_006318.1) by using the 
neighbor-joining, Kimura 2-parameter method and 1,000 bootstrap replicates. SFNS, sandfly fever Naples virus; TOSV, Toscana virus.
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(6). Progression to severe illness might be linked to  
older age, and this observation might be biased by the 
selection of cases referred to a tertiary-care hospital 
with an intensive care unit. TOSV has been previ-
ously associated with human neurologic infections, 
ranging from mild disease to severe cases, both in the 
autochthonous population and in travelers, but with 
a low mortality rate (1,7,8). A case of severe meningo-
encephalitis was previously reported in a brother and 
sister, both of whom recovered but had neurologic 
sequelae (9). Other neurologic manifestations such as 
Guillain-Barré syndrome, polymyeloradiculopathy, 
hydrocephalus, change of personality, or hearing loss 
have been described (4).

In our study, the diagnosis relied on rRT-PCR 
detection of the viral RNA, followed by amplicon 
sequencing, because very few samples showed sero-
logic reactivity. Negative results obtained when the 
samples were tested by using standard nested PCRs 
for large and medium genes can be explained by the 
low viral load, as indicated by the high cycle thresh-
old values (34.61–41.18) in rRT-PCR tests. Viral RNA 
was detected only in serum and CSF samples collect-
ed during the first 1–4 days after illness onset; urine 
proved to be a valuable specimen for molecular diag-
nosis, as previously reported (10).

The reason for the poor performance of serologic 
assays in our case series is not clear but might be re-
lated to the patients’ immune status. An enzyme im-
munoassay test did not demonstrate high sensitivity, 
as previously reported, and the average percentage 
agreement between the commercial assays we used 
was low (57.8%), an observation also made by oth-
er researchers (10,11). On the other hand, all of our 
patients had an abrupt onset of symptoms, includ-
ing rapid progression and hospitalization (median 
2.4 days from onset, range 1–5 days). Sampling took 
place very early after illness onset, when antibodies 
levels are low and difficult to detect, possibly before 
seroconversion. The rapid death of 5 of the 8 patients 
precluded longitudinal antibody testing. In these cas-
es, detection of TOSV RNA by using rRT-PCR, now 
the reference standard for TOSV diagnosis (2), was of 
paramount importance.

Genetic analysis based on a highly conserved 
111-nt sequence showed that the circulating virus 
in Romania belonged to lineage A. This lineage 
has been described in Italy and southern France, in 
northern Africa (Tunisia), and in central and north-
ern Anatolia (Turkey), but to our knowledge had 
never before recorded in southeastern Europe. Lin-
eage B genotype has been reported in Spain, France, 
Portugal, Croatia, Morocco, and Turkey (4). A new  

genetic lineage of TOSV (lineage C) has been detected 
in Croatia, where it was co-circulating with lineage 
B TOSV (12). A novel variant of TOSV most close-
ly related to lineage C has been detected in Greece 
(7,13). Other co-circulation of different lineages has 
been reported France and Turkey (lineages A and B) 
(4,6). No differences have been observed in the clini-
cal picture or disease severity associated with these  
TOSV genotypes (1,4).

The emergence of TOSV in an urban area in 
southeastern Romania warrants attention to the sand 
fly vector. During 1939–1952, according to clinical 
records, sand fly viruses causing sandfly fever (i.e., 
3-day fever or pappataci fever), transmitted by Phle-
botomus papatasi sandflies, were thought to be circu-
lating in southern Romania, with outbreaks occur-
ring during the summer months. Bucharest and the 
surrounding Ilfov County area were thought to have 
been affected during 1944–1946 (14).

No recent data on sand flies are available for ur-
ban Bucharest and its surrounding area. During re-
cent years, the distribution of some Phlebotomus sand 
fly species harboring TOSV was updated for Roma-
nia, including P. perfiliewi, P. neglectus, P. sergenti, but 
not P. perniciosus (15). Given that only a handful of 
severe cases were diagnosed at a tertiary-care hos-
pital, the real magnitude of TOSV human infections 
and those of affected areas are unknown and warrant 
further study.
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EID Podcast
Telework during  

Epidemic  
Respiratory Illness

Visit our website to listen:
 https://go.usa.gov/xfcmN

The COVID-19 pandemic has caused us 
to reevaluate what “work” should look like. 
Across the world, people have converted 
closets to offices, kitchen tables to desks, 
and curtains to videoconference back-
grounds. Many employees cannot help but 
wonder if these changes will become a 
new normal.

During outbreaks of influenza, corona-
viruses, and other respiratory diseases, 
telework is a tool to promote social dis-
tancing and prevent the spread of disease. 
As more people telework than ever before, 
employers are considering the ramifica-
tions of remote work on employees’ use of 
sick days, paid leave, and attendance. 

In this EID podcast, Dr. Faruque Ahmed, 
an epidemiologist at CDC, discusses the 
economic impact of telework.
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Appendix 

Methods 

Case Definition 

For encephalitis diagnosis the case definition from the 2013 Consensus Statement of the 

International Encephalitis Consortium was used. The major criterion was altered mental status 

(defined as decreased or altered level of consciousness, lethargy, or personality change) lasting 

≥24 hours, with no alternative cause identified. Minor criteria were fever (temperature ≥38°C), 

generalized or partial seizures, new onset of focal neurologic findings, CSF leukocyte count ≥5 

cells/mm3, and abnormality of brain parenchyma on neuroimaging suggestive of encephalitis (1). 

The main laboratory criterion was direct diagnosis of TOSV RNA, using real-time RT-

PCR, a reference test for diagnostic purpose (2), followed by genomic sequencing. A positive 

sample by real-time RT-PCR, that could not be sequenced was defined as a probable case (3). 

Laboratory Investigation 

Paired samples of cerebrospinal fluid (CSF) and serum were collected from all patients at 

admission; a urine sample and a late serum sample at 28 days post-onset were also available for 

two patients. 

Molecular Diagnosis 

Molecular diagnosis was performed following Weidmann et al (4) protocol based on the 

primers and TaqMan probe for detection of TOSV targeting the S segment of the viral genome. 

RNA was extracted from different clinical samples (CSF, serum, plasma and urine) of suspected 

patients using QIamp viral RNA Mini kit (Qiagen, Hilden, Germany), according to the 

manufacturer’s instructions. The viral RNA was reverse transcribed and amplified using 

QuantiTect Probe RT-PCR kit (Qiagen, Germany) on Stratagene Mx3005P Real-Time PCR 

System. The following thermal profile was used: RT was performed at 52◦C/30 min, followed by 

https://doi.org/10.3201/eid2705.204598
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polymerase activation at 95◦C/15 min, 45 cycles of PCR at 94◦C/15 s, 60◦C/60 s. The primers and 

probe were used at final concentration of 0.36 µM, respectively 0.18 µM. Non template control 

used was nuclease free water, being included in each PCR run for validation. The standard 

nested PCRs for L and M segment were also performed (5). 

Real-Time RT-PCR amplicons were purified using AmPure XP paramagnetic beads 

(Beckman Coulter) and sequenced with BigDye Terminator v3.1 Cycle Sequencing Kit on a 

SeqStudio Genetic Analyzer System (Applied Biosystems). Raw sequences were visually 

inspected, edited and their primer binding sites were removed with BioEdit version 7.0.5.3 (6). 

Phylogeny was inferred with Mega7 (7) from a DNA fragment spanning positions 1392–1502 

(numbering according to NC_006318.1) of nucleocapsid gene, segment S. 

Antibodies 

Antibodies to sandflies viruses were tested with commercial kits. For screening, indirect 

immunofluorescence test (IIFT) for Sandfly fever virus Mosaic types Sicilian, Naples, Toscana, 

Cyprus IgM and IgG (Euroimmun, Luebeck, Germany) were used in 2017, and the EIA test 

Enzywell Toscana virus IgG/IgM (Diesse Diagnostica, Siena, Italy) was used in 2018. 

Immunoblotting assay recomLine HantaPlus IgG and IgM Strip-Immunoassay (Mikrogen 

Diagnostik, Neuried, Germany), with antigens produced by recombinant techniques, for the 

detection of IgG and IgM antibodies against various Hantaviruses, as well as Sandfly Fever 

Viruses (SFFV) serotypes Toscana and Sicilian, was used as a confirmatory support test. 

References 

1. Ayhan N, Charrel RN. An update on Toscana virus distribution, genetics, medical and diagnostic 

aspects. Clin Microbiol Infect. 2020;26:1017–23. PubMed 

https://doi.org/10.1016/j.cmi.2019.12.015 

2. Venkatesan A, Tunkel AR, Bloch KC, Lauring AS, Sejvar J, Bitnun A, et al.; International Encephalitis 

Consortium. Case definitions, diagnostic algorithms, and priorities in encephalitis: consensus 

statement of the international encephalitis consortium. Clin Infect Dis. 2013;57:1114–28. 

PubMed https://doi.org/10.1093/cid/cit458 

3. Centers for Disease Control and Prevention. Arboviral diseases, neuroinvasive and non-neuroinvasive 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31904562&dopt=Abstract
https://doi.org/10.1016/j.cmi.2019.12.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23861361&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23861361&dopt=Abstract
https://doi.org/10.1093/cid/cit458


 

Page 3 of 5 

2015 case definition [cited 2020 Nov 10]. https://wwwn.cdc.gov/nndss/conditions/arboviral-diseases-

neuroinvasive-and-non-neuroinvasive/case-definition/2015 

4. Weidmann M, Sanchez-Seco MP, Sall AA, Ly PO, Thiongane Y, Lô MM, et al. Rapid detection of 

important human pathogenic Phleboviruses. J Clin Virol. 2008;41:138–42. PubMed 

https://doi.org/10.1016/j.jcv.2007.10.001 

5. Sánchez-Seco MP, Echevarría JM, Hernández L, Estévez D, Navarro-Marí JM, Tenorio A. Detection 

and identification of Toscana and other phleboviruses by RT-nested-PCR assays with 

degenerated primers. J Med Virol. 2003;71:140–9. PubMed https://doi.org/10.1002/jmv.10465 

6. Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program for 

Windows 95/98/NT. Nucleic Acids Symp Ser. 1999;41:95–8. 

7. Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) 

software version 4.0. Mol Biol Evol. 2007;24:1596–9. PubMed 

https://doi.org/10.1093/molbev/msm092 

  

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18006376&dopt=Abstract
https://doi.org/10.1016/j.jcv.2007.10.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12858420&dopt=Abstract
https://doi.org/10.1002/jmv.10465
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17488738&dopt=Abstract
https://doi.org/10.1093/molbev/msm092


 

Page 4 of 5 

Appendix Table. Case series of Toscana virus infection in Romania 2017–18 

No. Case/year Age 
Onset/residence/ 

Lenght of stay 
Sample/Day 
post onset IgM IgG 

Real-
time 
PCR 

TOSV 
(Ct) Sequence 

TOSV 
infection 

Clinical findings/ 
Computed 

tomography/Cerebrospinal 
fluid Comorbidities Outcome 

1 Case 1/2017, 
Encephalitis 

91 June 17/ Ilfov 
county/10 d 

Serum/Day 2 Neg1 Neg1 39.14 No Confirmed Fever, psychomotor 
agitation, loss of 
consciousness, 
coma/Cerebral 

atrophy/CSF: normal 

Hypertension, 
congestive 

heart failure, 
ischemic heart 
disease, stroke 

sequelae 

Died 
CSF/Day 2 NT NT 34.61 Yes 

2 Case 2/2017, 
Encephalitis 

68 August 
12/Bucharest/4 d 

Serum/Day 2 Neg1 Neg1 37.26 Yes Confirmed Fever, loss of 
consciousness, confusion, 

drowsiness myoclonus, 
coma./Cerebral atrophy and 

occipital stroke sequelae; 
CSF: Mild increase in 

proteins 

Hypertension, 
diabetes 
mellitus, 

obesity, Non-
Hodgkin 

lymphoma 
 

Died 
CSF/Day 2 NT NT 36.96 Yes 

3 Case 3/2017, 
Encephalitis 

72 July 28/Bucharest/21 
d 

Serum/Day 3 Neg1 Neg1 37.72 Yes Confirmed Fever, arthralgia, insomnia, 
aphasia, confusion, 

psychomotor agitation; 
CSF: mild increase in 

proteins, 6 leukocytes/mm3 

Hypertension Complete 
resolution CSF/Day 3 NT NT 37.97 Yes 

4 Case 4 /2017, 
Encephalitis 

79 August 
2/Bucharest/19 d 

Serum/Day 4 Neg1 Neg1 41.13 Yes Confirmed Fever, confusion, 
aphasia/Normal/CSF: Mild 

increase in proteins 

Diabetes 
mellitus type II 
Ischemic heart 

disease 

Died 
CSF/Day 4 NT NT 38.47 Yes 

5 Case 5/2017, 
Meningoencephalitis 

70 August 7/Bucharest/4 
d 

Serum/Day 4 Pos 1 
1/10 

Neg1 40.97 Yes Confirmed Fever, chills, headache, 
vomiting, confusion, 
coma/Normal/CSF: 

Elevated proteins, 68 
leukocytes/mm3 

Diabetes 
mellitus type II, 
Ischemic heart 
disease, Atrial 

fibrillation, 
Congestive 

heart failure, 
Diabetic 

polyneuropathy 
and 

arteriopathy 

Died 

CSF/Day 4 NT NT 37.96 Yes 

6 Case 6/2017, 
Encephalitis 

85 August13/Bucharest/6 
d 

Serum/Day 1 Neg1 Neg1 41.18 No Probable Fever, confusion, 
coma/Normal/CSF: normal 

Hypertension, 
Stroke 

sequelae, 
Chronic renal 

failure 

Died 
CSF/Day 1 NT NT No Ct - 

7 Case 7/2017, 
Encephalitis 

78 August 
24/Bucharest/12 d 

Serum/Day 0 Neg1, 3 Neg1, 3 36.05 Yes Confirmed Fever, stiff neck, right 
hemiparesis, 

aphasia/Normal/CSF: 
Normal 

 

Hypertension, 
Alzheimer 
disease 

Recovery 
with 

sequelae 
CSF/Day 0 NT NT 38.42 Yes 

Serum/Day 3 Neg1 Neg1 Neg - 
Urine/Day 3 NT NT 36.29 No 

Serum/Day 28 Neg1, 3 Pos1,3 NT - 



 

Page 5 of 5 

8 Case 8/ 2018, 
Encephalitis 

 

79 August 
15/Bucharest/32 d 

Serum/Day 3 Neg2, 3 Border-
line 2,3 

37.53 Yes Confirmed Fever, aphasia, 
tetraparesis, obtundation, 

vomiting, stiff neck, 
coma/Normal/CSF: 6 
leukocyte cells/mm3 

Parkinson 
disease, 

Hypothyroidism 

Recovery 
with 

sequelae Plasma/Day 3 
 

NT NT 36.50 Yes 

CSF/Day 3 
 

NT NT 36.66 Yes 

Urine/Day3 NT NT 35.75 Yes 
Serum/Day 10 Neg3 Border-

line3 
NT - 

Serum/Day 28 Neg3 Pos3 
 

NT - 
1IIFT; 2ELISA, 3 Immunoblotting. 

 


