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Abstract

:

Background: The detection rate of viral RNA in tick-borne encephalitis (TBE) is low and variable between studies, and its diagnostic/prognostic potential is not well defined. We attempted to detect RNA of TBE virus (TBEV) in body fluids of TBE patients. Methods: We studied 98 adults and 12 children with TBEV infection, stratified by the disease phase and presentation. EDTA blood and cerebrospinal fluid (CSF) samples were obtained upon hospital admission. RNA was extracted from freshly obtained plasma, concentrated leukocyte-enriched CSF, and whole blood samples, and real time PCR was performed with a Rotor-Gene Q thermocycler. Results: TBEV RNA was detected in (1) plasma of one (of the two studied) adult patients with an abortive infection, (2) plasma of two (of the two studied) adults in the peripheral phase of TBE, and (3) plasma and blood of an adult in the neurologic phase of TBE presenting as meningoencephalomyelitis. No CSF samples were TBEV RNA-positive. Conclusions: The detection of TBEV RNA in blood might be diagnostic in the peripheral phase of TBE. The lack of TBEV RNA in the CSF cellular fraction speaks against TBEV influx into the central nervous system with infiltrating leukocytes and is consistent with a relatively low intrathecal viral burden.
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1. Introduction


Tick-borne encephalitis (TBE) is an acute central nervous system (CNS) infectious disease caused by tick-borne encephalitis virus (TBEV), a Flavivirus transmitted by Ixodes ticks. The disease is endemic in most of the moderate climate zone in Europe and Asia, and several thousand cases are reported annually [1,2,3,4]. In Poland, 200–300 cases are diagnosed annually, mostly in the northeast of the country, with a morbidity reaching 9.16 per 100,000 inhabitants in Podlasie province in 2019 [5]. Only the European TBEV subtype has been found in Poland, and little sequence variability between the isolates has been reported [6]. TBE progresses from the phase of peripheral infection, through the blood–brain barrier (BBB) crossing, to the central nervous system (CNS) infection [7,8,9]. The peripheral viremia is apparently a first step towards neuroinfection, but its level does not correlate with the severity of the subsequent neurologic disease [10]. The route of BBB crossing involves infection of and replication within the endothelial cells, but additional virus entry within migrating leukocytes, as observed in animal models of Flavivirus encephalitis, may contribute to the CNS viral burden [11,12]. Intrathecally, TBEV infects neurons and astrocytes, but the local viral load tends to be low relative to the extent of the accompanying inflammation [7,9,10,13,14].



Clinically, the peripheral infection is reflected by an initial, flu-like phase of the disease, in which the symptoms from the CNS are absent, and the overall clinical presentation is rather unspecific [1,15]. In the rare abortive cases, the disease may not progress further and remains limited to the periphery [16]. The majority of TBE patients, however, progress to a second, neurologic phase [15,16], which may greatly vary in severity and presentation, from an uncomplicated meningitis to a life-threatening encephalitis and/or myelitis. The peripheral and neurologic phases may be clinically distinct, separated by a period of remission, or the disease may take a more rapidly progressing and clinically monophasic course [1,2,3,4,17].



TBEV RNA is rarely detectable in the body fluids of TBE patients, with the positive results most often reported very early in the course of the infection or in immunocompromised patients [9,10,18,19]. Accordingly, the molecular methods are not considered as routine tools in TBE diagnosis, and the presence of the specific anti-TBEV IgM antibodies is used for TBE confirmation [20]. The limitations of this approach include a potential cross-reactivity in the areas where different Flavivirus species co-circulate or in travelers [21,22] and the prolonged (up to 6–8 months) detectability of the specific IgM after a TBEV infection or an anti-TBE vaccination, raising the possibility of false-positive results [23]. Moreover, the peripheral phase of TBE is generally seronegative, which, together with an unspecific clinical presentation, makes its diagnosis, and, consequently, the prediction of the neurologic phase, highly problematic [19,22]. Although no causative treatment of TBE exists, early diagnosis could be beneficial by shortening the time to hospitalization and to appropriate supportive treatment. Thus, the clinical use of TBEV RNA detection has been suggested in seronegative patients with an epidemiologic history and presentation consistent with early TBEV disease [9,19]. However, better knowledge of TBEV RNA dynamics during TBE, especially in relation to serology, is needed to assess its potential clinical usefulness.



We attempted to detect RNA of TBE virus in blood and cerebrospinal fluid (CSF) of a group of well-characterized TBE patients to assess its presence, dynamics, factors related to its detection, and potential diagnostic and prognostic value in clinical practice and in studies of the pathogenesis of TBE.




2. Results


2.1. Study Groups


There were 95 adult patients studied during a neurologic TBEV infection, including 73 from whom paired CSF samples were available. There were 63 males and 32 females, aged 19–79 years (median 47). Eighteen patients reported significant systemic comorbidities (cardio-vascular disease, diabetes mellitus, hyper- and hypothyroidism, hypoparathyroidism, chronic renal disease, rheumatoid arthritis), but none had active malignancy, HIV infection, immunosuppressive treatment, or other potential causes of severe immunosuppression. Forty-eight patients had a biphasic presentation (the disease duration prior to sample collection 7–30 days, median 19; neurologic phase duration 2–14 days, median 6), and 47 had a clinically monophasic disease (duration 1–21 days, median 6). Fifty four (56.8%) had uncomplicated meningitis (M), 35 (36.8%) meningoencephalitis (ME, classified as mild in 22, moderate in 11, and severe in 2), and 6 (6.3%) meningoencephalomyelitis (MEM, mild in 2, moderately severe in 2, severe in 2). No patient died, required life-supporting therapy, or had life-threatening complications. All were seropositive towards TBEV at the time of the sample collection. In 9 patients, follow-up (convalescent) samples (paired blood and CSF) were available. In one patient, a woman 59 years old with M, additional blood and CSF sample pairs from the peripheral phase of the disease were available; the patient was seronegative and had normal CSF when these samples were collected.



The blood samples were obtained during the peripheral phase from three additional adult patients with a final diagnosis of a TBEV infection: a seronegative woman who later progressed to meningitis and seroconverted (blood only), a seronegative woman in the 3rd day of an abortive infection (paired blood and CSF), and an IgM-seropositive woman in the 7th day of an abortive infection (blood only).



The pediatric TBE group consisted of 12 patients, 10 male and 2 female, aged 6–17 years (median 9 years); 7 with M and 5 with mild to moderately severe ME; and all seropositive towards TBEV. The CSF samples were available in 11 of these patients.



There were 17 patients with non-TBE aseptic meningitis (AM), 11 male and 6 female, aged 19–84 years (median 33), 14 with meningitis and 3 with meningoencephalitis. CSF samples were available from 15 of them.



The healthy blood donor group included 300 subjects, from 18 to 63 years old, 231 males and 69 females. This large cohort was used to validate the specificity of the method in persons with very low probabilities of active infections.




2.2. TBEV RNA Detection in Plasma and CSF


2.2.1. Controls


There were no positive results, neither in plasma samples from healthy controls, nor in whole blood, plasma, and CSF samples from non-TBE meningitis patients, confidently confirming the specificity of the procedure.




2.2.2. Blood of TBE Patients


Only one adult TBE patient had TBEV RNA detected in plasma and full blood during the neurologic phase of the disease—a woman 68 years old, immunocompetent, anti-TBEV IgM and IgG positive in serum and CSF, with a biphasic disease lasting 19 days since the onset and 8 days since the beginning of the neurologic phase. She presented with MEM of moderate severity, which was a rare presentation in the group as a whole. Additionally, her presentation, outcome, blood, and CSF inflammatory parameters were within the range found in the remaining patients.



Of four patients studied during the peripheral infection, three were positive for TBEV RNA in plasma but negative in full blood: two patients examined during the peripheral phase of the biphasic infection and one in the 3rd day of the abortive infection. The patient studied on the 7th day of the abortive disease after IgM seroconversion was TBEV RNA-negative.



No pediatric patient had TBEV-RNA detected either in plasma or whole blood samples.



No follow-up sample was rtPCR positive.




2.2.3. CSF of TBE Patients


All the CSF samples from TBE patients were TBEV RNA-negative, irrespective of age, time since onset, and presentation, and including the samples paired with the TBEV RNA-positive blood.



An overview of the results is shown in Table 1, and the basic data of the patients with the positive results are summed up in Table 2.






3. Discussion


We confirmed previous observations on the low prevalence of TBEV RNA in the body fluids of patients with TBE [9,22,24,25]. The other authors reported either low rates of detection [9,26] or non-detection of TBEV RNA [24,25] in the TBE neurologic phase. The lack of a significant viremia is expected at this stage of the disease, in agreement with the animal models of Flavivirus encephalitis [8]. More surprisingly, TBEV RNA is typically undetectable in CSF, in spite of the simultaneous pleocytosis and ongoing CNS inflammation [21,24,25,26,27,28]. Originally, Puchhammer-Stöckl et al. detected TBEV in only 1 of 105 TBE CSF samples [26]. Saksida et al. reported 10% sensitivity of the rtPCR of CSF [9], which has not been repeated in further studies [22,24,25], including our own. This has important consequences for TBE diagnostics, which must rely on serologic confirmation [20,26]. Small viral loads relative to the intense inflammatory response and the clinical severity have implications for the pathogenesis of the TBE neurologic phase as well, suggesting that host-dependent mechanisms contribute to the intrathecal inflammation. Moreover, the apparent lack of TBEV in CSF leukocytes means they are not an important vehicle of CNS infiltration by TBEV, at least during the clinically overt neurologic phase.



The profound immunosuppression, which is frequently accompanied by a severe encephalitic presentation of TBE, may favor TBEV RNA detection [18,29]. For example, Caracciolo et al. described a blood PCR remaining positive for 74 days in a fatal TBE case in a patient undergoing chemotherapy. Our study cohort did not include transplant recipients, patients with known active neoplasms, HIV-positive, or other deeply immunosuppressed patients, which did not allow us to confirm this observation. However, it did include patients with diabetes mellitus and other hormonal disorders, rheumatoid arthritis, and cardiac insufficiency, but we did not detect TBEV RNA in any of them. We infer that the moderate immune impairment related to common chronic comorbidities does not increase the rate of TBEV RNA detection notably. We also did not observe any association of TBEV RNA detection with encephalitis or altered mental status. However, the only positive neurologic phase result was obtained in a patient in a relatively advanced age (at the 90 percentile of the cohort) and presenting with a rare, clinically distinct, and often severe myelitic form of TBE. While this single detection does not allow for any definite conclusions, the association of TBEV RNA in blood with age and/or TBE presenting as MEM is feasible and could be verified by further studies. Interestingly, this patient presented with the lowest ct value in plasma in the whole study group and was the only one with a simultaneous positive result in a full blood sample, suggesting a higher viral load than in the positive peripheral phase samples.



In most of the previous studies, there was a tendency for a better detectability of TBEV RNA in the whole blood [9,22,29] and blood erythrocyte fraction [18] compared to plasma. The same phenomenon was previously described for another neurotropic Flavivirus, the West Nile virus (WNV), and was suggested to result from the virion–antibody complex affinity to erythrocyte membranes [30]. In our study, the whole blood analysis did not reveal any additional detections and, on the contrary, TBEV RNA was not detected in whole blood from three patients with positive plasma results. This disappointing result could be at least partially attributed to the freezing and thawing cycle of the whole blood samples, which, unlike plasma, were stored and analyzed after the conclusion of the sample collection period.



Interestingly, TBEV RNA has been previously detected in urine simultaneously with or even after the end of the detectable viremia, which is also analogous to a tendency known for WNV and if verified could offer another diagnostic possibility [18,21,22,31]. Further research should lead to optimizing the choice of samples for TBEV RNA detection and to defining patient groups with a higher prior probability of positive results. However, the main factor determining the detectability of TBEV RNA seems to be the time since the disease onset, with overwhelmingly higher rates of positive results in the peripheral as compared to the neurologic phase, and in seronegative as compared to seropositive patients. In the Saksida et al. study, the fraction of TBEV-positive serum samples dropped by 1/3 after the seroconversion in IgM class and to 3% after IgG seroconversion. In a later study, Saksida et al. detected TBEV RNA in sera of all the studied patients in the peripheral phase, but in none studied in the neurologic phase of TBE [10]. Our results are in strong agreement with those of Saksida et al.—three out of four TBEV RNA detections in plasma were achieved in the seronegative patients (in the peripheral phase or early in the abortive infection), while all the negative results occurred in the seropositive patients (in the neurologic phase or in the abortive infection after seroconversion). The only exception was a single TBEV RNA-positive patient with MEM discussed above.



In the peripheral phase, the clinical symptoms do not allow for the reliable differentiation between the incipient TBE and other febrile tick-borne infections (anaplasmosis, ehrlichioses, spotted fever group rickettsioses, borrelial recurrent fever group infections, etc., depending on the local epidemiology) [32]. The most common laboratory findings in the peripheral phase of TBE (leucopenia, thrombocytopenia, increased transaminase activity) are unspecific and do not differentiate it from febrile tick-borne bacterial infections either [1,16,32]. The TBEV RNA detection is the only method offering a possibility of a specific and reliable diagnostics in this stage of the disease. For example, Bogovič et al. were recently able to retrospectively identify 88 patients in the peripheral phase of TBE within the large population of febrile tick-exposed patients seen in the highly endemic TBE area in Slovenia based on positive PCR results, which points to the diagnostic potential of this method [15].



As no causative TBE treatment is currently available, the early diagnosis made possible by rtPCR would not lead to a specific cure or the prevention of the neurologic disease. However, it could facilitate the decision about early hospitalization and supportive care and prevent an ineffective empirical antibiotic treatment. Apart from any clinical benefits, a prompt identification of patients in the peripheral phase of TBE would greatly facilitate the clinical studies on this relatively poorly characterized stage of the disease. The results of Bogovič et al., who were able to assess longitudinally a number of immune parameters in their patient cohort and pinpoint intriguingly different immune response patterns between the peripheral and neurologic phase, highlight the research potential of diagnosing TBE in this early stage [15]. According to Saksida et al., the peripheral phase viral load by itself is not correlated with CSF parameters and clinical presentation of the neurologic phase, which suggests it is not a factor determining the neuroinvasion and is not a good prognostic marker [10]. However, further studies could reveal other early clinical or laboratory parameters with a higher prognostic value. Optimally, patients who will or will not progress to the neurologic phase could be identified and the risk of the severe neurologic presentation assessed. The peripheral phase of TBEV infection, with active viral replication at the periphery, would also be an optimal period for any attempts at anti-viral treatment.




4. Materials and Methods


4.1. Patients


Patients hospitalized in the Department of the Infectious Diseases and Neuroinfections and the Department of the Pediatric Infectious Diseases of the Medical University in Białystok in 2019–2022 with a suspicion of TBE were recruited to the study. The patients included in the TBE group (1) had a history of a tick bite or an exposition to ticks in an endemic area within 3 weeks before the onset of symptoms, (2) presented with an acute febrile disease with symptoms suggestive of meningitis and/or encephalitis, (3) had a CSF pleocytosis ≥15/µL, and (4) either had specific anti-TBEV IgM antibodies detected in serum and/or in CSF on admission or seroconverted on follow-up, fulfilling the European criteria for the confirmed TBE case [20]. The patients fulfilling criteria (2) and (3) but seronegative towards TBEV both on admission and on follow-up were diagnosed with aseptic meningitis (AM) and formed a meningitis reference group. The patients with an acute febrile infection beginning within 2 weeks after a tick bite, with no CSF pleocytosis not fulfilling criterion (3) but without a likely alternative diagnosis, were tentatively recruited into the study cohort as possibly presenting with a peripheral phase of TBE or an abortive TBEV infection.



The TBE patients with a meningeal syndrome but neither neurologic abnormalities nor altered consciousness were classified as having uncomplicated meningitis (M), and patients with an altered mental status and/or any objective neurologic symptoms—as having meningoencephalitis (ME) or meningoencephalomyelitis (MEM), which was further classified as mild (minor neurologic abnormalities including sensory deficits, pathologic reflexes, tremor, unstable gait), moderately severe (lethargy, focal paresis, cerebellar syndrome), or severe (disorientation or loss of consciousness, multiple and/or severe focal deficits, seizures). The patients reporting an initial flu-like disease followed by an improvement and a relapse with CNS involvement were classified as having a biphasic presentation, and the remaining ones as having a monophasic presentation.



The control group consisted of healthy blood donors.



The blood and CSF samples from the hospitalized patients were obtained together with the material for clinically indicated examinations, typically within the first day of the hospital stay. The control blood samples were obtained from the blood donors directly before a donation.



The patients and healthy controls gave informed written consent for inclusion. The study was approved by the Ethics Committee of the Medical University in Białystok (approval no R-I-002/308/2019).




4.2. Laboratory Examinations


4.2.1. Diagnostic Examinations


The basic laboratory examinations were performed in the hospital laboratory on the blood and CSF samples obtained on admission, as a part of the routine diagnostics. Anti-TBEV IgM and IgG antibodies were detected with Enzygnost Anti-TBE/FSME IgM and Anti-TBE/FSME IgG kits from Siemens (Munich, Germany) following the standard procedure, in serum and CSF samples obtained on admission and on follow-up in the originally seronegative patients.




4.2.2. Sample Processing


A 1.4 mL sample of venous blood was drawn into anticoagulant-coated PAXgene Blood RNA tube from Qiagen (Hilden, Germany) and stored for 2–4 h at 2–6 °C. Before the RNA extraction, it was divided into 2 aliquots, one of which was centrifuged for plasma separation at 1500 RPMI for 10 min at 4 °C, and the other of which was retained for extraction from the whole blood. A 1 mL CSF sample was obtained during a diagnostic lumbar puncture into a sterile vial and was stored together with blood and processed simultaneously (in individual patients, CSF was not available for the study purposes because of too small a volume collected during the lumbar puncture). Before the RNA extraction, CSF was centrifuged at 8000 RPMI for 5 min to separate the concentrated cellular fraction. The RNA extraction from CSF and plasma was performed on fresh samples, while whole blood samples were frozen to −20 °C and analyzed at the end of the sample collection period. Frozen samples were thawed for at least 2 h at room temperature before RNA extraction.




4.2.3. RNA Extraction


The RNA extraction from plasma, thawed full blood, and concentrated CSF was performed with a Blood and Tissue RNA Mini Kit (Qiagen) following the manufacturer’s instructions. The procedure includes addition of DNase to exclude any possibility of the RNA contamination with DNA. RNA quality was confirmed by using internal control added just before the RNA extraction step—to each 200 µL of cerebrospinal fluid was added 10 µL of Internal Control STI-87-rec (IC).




4.2.4. Real-Time PCR


Real-time PCR (rtPCR) for TBEV RNA detection was performed with an Amplisens TBE-FRT PCR kit, based on the amplification of the pathogen genome specific region (target gene—C gene), with specific primers (sequences of starters are covered by the Producer’s patent). According to the product characteristics card, the analytical specificity of the Amplisens TBE-FRT PCR kit was ensured by the selection of specific primers and probes, as well as stringent reaction conditions, and the primers and probes were checked for possible homologies to all sequences published in gene banks by sequence comparison analysis, and the clinical specificity was confirmed in laboratory clinical trials.



The Amplisens TBE-FRT PCR kit guarantees reduction of nonspecific reaction by using Hot Start technology. This is possible because of the separation of nucleotides and chemically modified polymerase (TaqF), which is activated by heating at 95 °C for 15 min. Following the Producer’s instructions for a single probe reaction, 10 µL of extracted RNA was added to 15 µL of the mixture of 10 µL of RT-PCR-mix-1-FEP/FRT TBE, 5 µL of RT-PCR-mix-2-FEP/FRT, 0.5 µL of polymerase (TaqF), 0.25 µL of TM-revertase (MMIv), and 0.25 µL of RT-G-mix-2 to obtain a final volume of 25 µL. Amplification was performed in a RotorGeneQ Thermocycler (Qiagen, Germany) in the following conditions: hold step—50 °C for 30 min, hold step 2—95 °C for 15 min, cycling step—5 cycles (95 °C for 10 s, 65 °C for 45 s, 72 °C for 15 s), cycling step 2—45 cycles (95 °C for 10 s, 60 °C for 45 s—fluorescence acquiring, 72 °C for 15 s). The fluorescent signal was detected in the channels for the FAM and JOE fluorophores.



The internal controls for each sample, positive and negative controls, prepared by the manufacturer, were run simultaneously with the study samples.






5. Conclusions


The rtPCR for TBEV RNA has a very low sensitivity in patients in the neurologic phase of TBE. At this stage, TBEV RNA detection is possible in a minority of patients, having no proven diagnostic or prognostic significance.



We suggest a possible association of the TBEV viremia persisting into the neurologic phase with the myelitic presentation of TBE, which could be verified by further studies.



The lack of TBEV RNA in the cellular CSF fraction contradicts the substantial TBEV presence in leukocytes infiltrating CNS and favors other entry routes of TBEV into the CNS. It is also consistent with low viral titers within the CNS and a relatively large role of immune-mediated pathology.



The detection of TBEV RNA in blood might enable the diagnosis of the peripheral phase of TBE before seroconversion, with a potential for not only improving clinical practice but also facilitating research on TBE pathogenesis and treatment.







Author Contributions


S.G. conceived and supervised the study, performed the data analysis, and wrote the manuscript; J.D.-M. was responsible for the sample handling and storage and performed and described the laboratory analyses; A.Ż. recruited the control subjects and participated in study design; P.C., A.S.-W. and A.M.-M. recruited adult TBE patients and collected clinical data and participated in the study design and in preparing the manuscript; K.T. and A.S. recruited pediatric TBE patients, collected clinical data, and participated in preparing the final version of the manuscript; S.P. and A.M.-M. participated in the study design and coordination. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Narodowe Centrum Nauki (National Science Center), Poland, grant number 2018/31/B/NZ6/02744.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Medical University in Białystok (approval no R-I-002/308/2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bogovič, P.; Strle, P. Tick-borne encephalitis, A review of epidemiology.; clinical characteristics and management. World J. Clin. Cases 2015, 3, 430–441. [Google Scholar] [CrossRef] [PubMed]

	



Czupryna, P.; Moniuszko, A.; Pancewicz, S.A.; Grygorczuk, S.; Kondrusik, M.; Zajkowska, J. Tick-borne encephalitis in Poland in years 1993–2008—epidemiology and clinical presentation. A retrospective study of 687 patients. Eur. J. Neurol. 2011, 18, 673–679. [Google Scholar] [CrossRef] [PubMed]

	



Mickiené, A.; Laiškonis, A.; Günther, G.; Vene, S.; Lundkvist, Å.; Lindquist, L. Tickborne encephalitis in an area of high endemicity in Lithuania, disease severity and long-term prognosis. Clin. Infect. Dis. 2002, 35, 650–658. [Google Scholar] [CrossRef] [PubMed]

	



Radzišauskienė, D.; Žagminas, K.; Ašoklienė, L.; Jasionis, A.; Mameniškienė, R.; Ambrozaitis, A.; Jančorienė, L.; Jatužis, D.; Petraitytė, I.; Mockienė, E. Epidemiological patterns of tick-borne encephalitis in Lithuania and clinical features in adults in the light of the high incidence in recent years, a retrospective study. Eur. J. Neurol. 2018, 25, 268–274. [Google Scholar] [CrossRef] [PubMed]

	



National Institute of Public Health—National Institute of Hygiene—Department of Epidemiology. Infectious Diseases and Poisonings in Poland in 2019. Available online: http://wwwold.pzh.gov.pl/oldpage/epimeld/2019/Ch_2019.pdf (accessed on 16 May 2022).

	



Katargina, O.; Russakova, S.; Geller, J.; Kondrusik, M.; Zajkowska, J.; Zygutiene, M.; Bormane, A.; Trofimova, J.; Golovljova, I. Detection and Characterization of Tick-Borne Encephalitis Virus in Baltic Countries and Eastern Poland. PLoS ONE 2013, 8, e61374. [Google Scholar] [CrossRef]

	



Gelpi, E.; Preusser, M.; Laggner, U.; Garzuly, F.; Holzmann, H.; Heinz, F.X.; Budka, H. Inflammatory response in human tick-borne encephalitis, analysis of postmortem brain tissue. J. Neurovirol. 2006, 12, 322–327. [Google Scholar] [CrossRef]

	



Hayasaka, D.; Nagata, N.; Fujii, Y.; Hasagawa, H.; Sata, T.; Suzuki, R.; Gould, E.A.; Takashima, I.; Koike, S. Mortality following peripheral infection with Tick-borne encephalitis virus results from a combination of central nervous system pathology, systemic inflammatory and stress responses. Virology 2009, 390, 139–150. [Google Scholar] [CrossRef]

	



Saksida, A.; Duh, D.; Lotrič-Furlan, S.; Strle, F.; Petrovec, M.; Avšič-Županc, T. The importance of tick-borne encephalitis virus RNA detection for early differential diagnosis of tick-borne encephalitis. J. Clin. Virol. 2005, 33, 331–335. [Google Scholar] [CrossRef]

	



Saksida, A.; Jakopin, N.; Jelovšek, M.; Knap, N.; Fajs, L.; Lusa, L.; Lotrič-Furlan, S.; Bogovič, P.; Arnež, M.; Strle, F.; et al. Virus RNA load in patients with tick-borne encephalitis, Slovenia. Emerg. Infect. Dis. 2018, 24, 1315–1323. [Google Scholar] [CrossRef]

	



Palus, M.; Mancova, M.; Sirmarova, J.; Elsterova, J.; Perner, J.; Ružek, D. Tick-borne encephalitis virus infects human brain microvascular endothelial cells without compromising blood-brain barrier integrity. Virology 2017, 507, 110–122. [Google Scholar] [CrossRef]

	



Wang, P.; Dai, J.; Bai, F.; Kong, F.K.; Wong, S.J.; Montgomery, R.R.; Madri, J.A.; Fikrig, E. Matrix metalloproteinase 9 facilitates West Nile virus entry onto the brain. J. Virol. 2008, 82, 8978–8985. [Google Scholar] [CrossRef] [PubMed]

	



Gelpi, E.; Preusser, M.; Garzuly, F.; Holzmann, H.; Heinz, F.X.; Budka, H. Visualization of central European tick-borne encephalitis infection in fatal human cases. J. Neuropathol. Exp. Neurol. 2005, 64, 506–512. [Google Scholar] [CrossRef] [PubMed]

	



Maximova, O.; Ward, J.M.; Asher, D.M.; StClaire, M.; Finneyfrock, B.W.; Speicher, J.M.; Murphy, B.R.; Pletnev, A.G. Comparative neuropathogenesis and neurovirulence of attenuated flaviviruses in nonhuman primates. J. Virol. 2008, 82, 5255–5268. [Google Scholar] [CrossRef] [PubMed]

	



Bogovič, P.; Kastron, A.; Lotrič-Furlan, S.; Ogrinc, K.; Avšič-Županc, T.; Korva, M.; Marušić, M.; Resman Rus, K.; Strle, K.; Strle, F. Comparison of laboratory and immune characteristics of the initial and second phase of tick-borne encephalitis. In Proceedings of the 32nd European Congress of Microbiology and Infectious Diseases, Lisbon, Portugal, 23–26 April 2022. [Google Scholar]

	



Lotrič-Furlan, S.; Avsič-Županc, T.; Strle, F. An abortive form of tick-borne encephalitis (TBE)—A rare clinical manifestation of infection with TBE virus. Wien. Klin. Wochenschr. 2002, 114, 627–629. [Google Scholar]

	



Bogovič, P.; Logar, M.; Avšič-Županc, T.; Strle, F.; Lotrič-Furlan, S. Quantitative evaluation of the severity of acute illness in adult patients with tick-borne encephalitis. Bio. Med. Res. Int. 2014, 2014, 841027. [Google Scholar] [CrossRef]

	



Caracciolo, I.; Bassetti, M.; Paladini, G.; Luzzati, R.; Santon, D.; Merelli, M.; De Sabatta, G.; Carletti, T.; Marcello, A. Persistent viremia and urine shedding of tick-borne encephalitis virus in an infected immunosuppressed patient from a new epidemic cluster in North-Eastern Italy. J. Clin. Virol. 2015, 69, 48–51. [Google Scholar] [CrossRef]

	



Schultze, D.; Dollenmaier, G.; Rohner, A.; Guidi, T.; Cassnotti, P. Benefit of detecting tick-borne encephalitis viremia in the first phase of illness. J. Clin. Virol. 2007, 38, 172–175. [Google Scholar] [CrossRef]

	



European Commission. Commission Implementing Decision (EU) 2018/945 of 22 June 2018 on the Communicable Diseases and Related Special Health Issues to be Covered by Epidemiological Surveillance as Well as Relevant Case Definitions. 2018. Available online: https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32018D0945 (accessed on 10 May 2022).

	



Nagy, A.; Bán, E.; Nagy, O.; Ferenczi, F.; Farkas, Á.; Bányai, K.; Farkas, S.; Takács, M. Detection and sequencing of West Nile virus RNA from human urine and serum samples during the 2014 seasonal period. Arch. Virol. 2016, 161, 1797–1806. [Google Scholar] [CrossRef]

	



Nagy, A.; Nagy, O.; Tarcsai, K.; Farkas, Å.; Takacs, M. First detection of tick-borne encephalitis virus RNA in clinical specimens of acutely ill patients from Hungary. Ticks Tick Borne Dis. 2018, 9, 485–489. [Google Scholar] [CrossRef]

	



Hoffmann, H.; Kunz, C.; Heinz, F.X.; Dippe, H. Detectability of IgM antibodies against TBE virus after natural infection and after vaccination. Infection 1983, 11, 164–166. [Google Scholar] [CrossRef]

	



Blom, K.; Braun, M.; Pakalniene, J.; Dailidyte, L.; Béziat, V.; Lampen, M.H.; Klingström, J.; Langerqvist, N.; Kjerstadius, T.; Michaëlsson, J.; et al. Specificity and dynamics of effector and memory CD8 T cell responses in human tick-borne encephalitis virus infection. PLoS Pathog. 2015, 11, e1004622. [Google Scholar] [CrossRef] [PubMed]

	



Blom, K.; Braun, M.; Pakalniene, J.; Lunemann, S.; Enqvist, M.; Dailidyte, L.; Schaffer, M.; Lindquist, L.; Mickiene, A.; Michaëlsson, J.; et al. NK cell responses to human tick-borne encephalitis virus infection. J. Immunol. 2016, 197, 2762–2771. [Google Scholar] [CrossRef] [PubMed]

	



Puchhammer-Stöckl, E.; Kunz, C.; Mandl, C.W.; Heinz, F.X. Identification of tick-borne encephalitis virus ribonucleic acid in tick suspensions and in clinical specimens by a reverse transcription-nested polymerase chain reaction assay. Clin. Diagn. Virol. 1995, 4, 321–326. [Google Scholar] [CrossRef]

	



Günther, G.; Haglund, M.; Lindquist, L.; Forsgren, M.; Sköldenberg, B. Tick-borne encephalitis in Sweden in relation to aseptic meningoencephalitis of other etiology, a prospective study of clinical course and outcome. J. Neurol. 1997, 244, 230–238. [Google Scholar] [CrossRef]

	



Holub, M.; Beran, O.; Lacinová, Z.; Cinek, O.; Chalupa, P. Interferon-γ and cortisol levels in cerebrospinal fluid and its relationship to the etiology of aseptic meningoencephalitis. Prag. Med. Rep. 2006, 107, 343–353. [Google Scholar]

	



Veje, M.; Studahl, M.; Norberg, P.; Roth, A.; Möbius, U.; Brink, M.; Bergström, T. Detection of tick-borne encephalitis virus RNA in urine. J. Clin. Microb. 2014, 52, 4111–4112. [Google Scholar] [CrossRef]

	



Rios, M.; Daniel, S.; Chancey, C.; Hewlett, I.K.; Stramer, S.I. West Nile virus adheres to human red blood cells in whole blood. Clin. Infect. Dis. 2007, 45, 181–186. [Google Scholar] [CrossRef]

	



Tonry, J.H.; Brown, C.B.; Cropp, C.B.; Co, J.K.; Bennett, S.N.; Nerurkar, V.R.; Kuberski, T.; Gubler, D.J. West Nile virus detection in urine. Emerg. Infect. Dis. 2005, 11, 1294–1296. [Google Scholar] [CrossRef]

	



Diaz, J.H. Ticks, including tic paralysis. In Mandell, Douglas, and Bennett’s Principles and Practice of Infectious Diseases, 9th ed.; Bennett, J.E., Dolin, R., Blaser, M.J., Eds.; Elsevier Inc.: Amsterdam, The Netherlands, 2020; Chapter 296; pp. 3505–3526. [Google Scholar]








[image: Table] 





Table 1. The proportion of the positive results of the rtPCR test for TBEV RNA in the study cohort. The number and percentage (in parentheses) of the positive samples per patient group and the type of diagnostic material.
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Presentation and Stage of the Disease

	
Sample Type




	
Whole Blood

	
Plasma

	
CSF






	
Abortive infection

	
0/2 (0%)

	
1/2 (50%)

	
0/1 (0%)




	
First phase of a biphasic infection

	
0/2 (0%)

	
2/2 (100%)

	
0/1 (0%)




	
Neurologic phase—adults

	
1/95 (1%)

	
1/95 (1%)

	
0/73 (0%)




	
Biphasic infection

	
1/48 (2%)

	
1/48 (2%)

	
0/39 (0%)




	
Monophasic infection

	
0/41 (0%)

	
0/41 (0%)

	
0/34 (0%)




	
Meningitis

	
0/54 (0%)

	
0/54 (0%)

	
0/45 (0%)




	
Meningoencephalitis

	
0/35 (0%)

	
0/35 (0%)

	
0/24 (0%)




	
Meningoencephalomyelitis/radiculitis

	
1/6 (17%)

	
1/6 (17%)

	
0/4 (0%)




	
Convalescent period—adults

	
ND

	
0/9 (0%)

	
0/9 (0%)




	
Neurologic phase—children

	
ND

	
0/12 (0%)

	
0/12 (0%)








CSF—cerebrospinal fluid; ND—not done.
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Table 2. The basic clinical and laboratory parameters of patients with positive results of a plasma rtPCR test for TBEV RNA.
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	No.
	Sex
	Age
	Comorbidities
	Presentation 1
	Phase 2
	Main Symptoms 2
	Time Since Onset 2
	Anti-TBEV IgM in Serum 2
	TBEV RNA

in Plasma

(ct Value)
	TBEV RNA

in Whole Blood

(ct Value)
	TBEV RNA

in CSF 2
	Follow Up TBEV RNA





	1
	M
	68
	hypertension, hyperuricaemia, Lyme borreliosis
	MEM
	neurologic
	headache,

vertigo,

neck stiffness,

flaccid paresis
	19 days;

neurologic phase—8 days
	negative
	30.6
	32.0
	negative
	ND



	2
	F
	51
	none
	meningitis
	peripheral
	fever,

arthralgia,

headache
	5 days
	negative
	32.6
	negative
	ND
	negative plasma and CSF on day 17

(6th day of the neurologic phase)



	3
	F
	59
	possible Lyme borreliosis
	meningitis
	peripheral
	fever,

headache,

maculopapular rash
	4 days
	negative
	32.5
	negative
	negative
	ND



	4
	F
	31
	none
	abortive infection
	peripheral
	headache,

myalgia,

nausea,

neck stiffness
	3 days
	negative
	35.2
	negative
	negative
	ND







1 Final diagnosis on discharge. 2 At the time of the TBEV RNA-positive plasma sample collection. M—male; F—female; MEM—meningoencephalomyelitis; ND—not done.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijms-23-09332


  
    		
      ijms-23-09332
    


  




  





media/file0.png





