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Background: Smell and taste disturbances are among the most frequent neurological symptoms in patients with COVID-19. A concomitant impairment of the trigeminal nerve has been suggested in subjects with olfactory dysfunction, although it has not been confirmed with objective measurement techniques. In this study, we explored the trigeminal function and its correlations with clinical features in COVID-19 patients with impaired smell perception using electrophysiological testing.

Methods: We enrolled 16 consecutive patients with mild COVID-19 and smell impairment and 14 healthy controls (HCs). Olfactory and gustatory symptoms were assessed with self-reported questionnaires. Electrophysiological evaluation of the masseter inhibitory reflex (MIR) and blink reflex (BR) was carried out to test the trigeminal function and its connections within the brainstem.

Results: Masseter inhibitory reflex (MIR) analysis revealed higher latency of ipsilateral and contralateral early silent period in patients when compared with HCs. No significant differences between groups were detected as regards the duration of the early and late silent period. However, several patients showed a prolonged duration of the early silent period. BR evaluation disclosed only an increased amplitude of early components in patients.

Conclusions: Patients with COVID-19 and smell impairment show a subclinical trigeminal nerve impairment. Trigeminal alterations mainly involve the oligosynaptic pathway, as a result of either direct viral damage or secondary neuroinflammation of the peripheral trigeminal fibers, whereas the polysynaptic ponto-medullary circuits seem to be spared. The prolonged duration of the early silent period and the increased amplitude of early BR response might reflect a compensatory upregulation of the trigeminal function as a consequence of the olfactory dysfunction.
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Introduction

Neurological symptoms are common in patients with COVID-19, with an incidence of up to 80% in hospitalized patients (1, 2). Neurological impairment has also been identified as a risk factor for mortality in this patient population (2, 3). Headache, anosmia, and ageusia are the most frequent neurological symptoms, whereas acute encephalopathy, coma, and stroke represent the most common neurological syndromes (2, 4). Beyond the loss of smell and taste sensation, many other symptoms due to cranial nerve involvement have been reported in patients with COVID-19, including sudden vision and hearing loss, peripheral vertigo, swallowing disorders, hoarseness, eye movement limitation, and facial hypoesthesia (5–7). It remains unclear whether these symptoms are a consequence of the direct viral invasion of the nervous system or represent an epiphenomenon of the immune system response triggered by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (8–10).

Evidence has been provided that cranial nerve sensory functions might be particularly affected in patients with COVID-19 (11). In this context, a trigeminal impairment associated with SARS-CoV-2 infection may not be surprising, in consideration of clinical studies showing that, along with the olfactory dysfunction, the chemesthetic sensations mediated by the trigeminal fibers can also be affected during COVID-19 (12, 13). However, due to the subjective nature of the clinical testing, findings of trigeminal impairment remain to be confirmed by objective measurement methods.

In this study, we aimed at assessing the trigeminal function in a cohort of patients with COVID-19 using an electrodiagnostic approach. We focused on subjects with hyposmia or anosmia based on the suggestion of a more marked neurotropism of SARS-CoV-2 in this patient's subgroup (12, 14, 15). Electrophysiological evaluation of the masseter inhibitory reflex (MIR) and blink reflex (BR) was carried out to test the functional integrity of the trigeminal nerve fibers as well as the excitatory and inhibitory inter-neuronal brainstem pathways. Moreover, the electrophysiological findings were related to clinical data and a subgroup of patients with COVID-19 was followed up to longitudinally evaluate the prognostic significance of the electrophysiological changes.



Methods


Study population

The present study was conducted at the IRCCS Mondino Foundation (Pavia, Italy) and the Otolaryngology Department of the IRCCS Policlinico San Matteo Foundation (Pavia, Italy). Sixteen patients with COVID-19 and decrease in smell sensation (hyposmia or anosmia) (mean age ± SD: 44.0 ± 12.0 years, six men) and 14 age-matched healthy subjects (mean age ± SD: 41.3 ± 9.5 years, seven men) were enrolled. Patients were consecutively recruited from an otolaryngology outpatient clinic dedicated to olfactory disorders, between March and May 2020 during the first COVID-19 outbreak wave. Inclusion criteria were: SARS-CoV-2 detection by polymerase chain reaction (PCR) through a nasopharyngeal swab at first assessment, age of 18 years or above, and a new-onset olfactory disorder. Exclusion criteria were: pre-existing olfactory or gustatory disorders and nasal diseases (e.g., previous local trauma, chronic sinusitis, or acute allergic symptoms), substance abuse (including nasal decongestant drugs), neuropsychiatric disorders, major head and neck traumatic injuries, and previous chemotherapy or radiation therapy of the head and neck region. At the time of enrollment, all participants underwent a baseline interview assessing general demographic and clinical variables (Table 1). A thorough neurological and ear-nose-throat (ENT) physical examination was conducted for all participants. Endoscopic evaluation was not performed to prevent the potential aerosolization of viral particles.


TABLE 1 Demographic and clinical characteristics of subjects enrolled.
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Clinical assessment of the olfactory and gustatory function

Since psychophysical tests were not practicable during the COVID-19 emergency state, only subjective olfactory and gustatory symptoms were assessed. Clinical follow-up was performed after 1 month in all patients and after 20 months in a subgroup of seven patients. A 10-cm Visual Analog Scale (VAS), anchored at each end with verbal descriptors (“no impairment−0” and “extreme impairment−10”), was administered to investigate both olfactory (VAS-O) and gustatory (VAS-G) dysfunctions. VAS has been already employed for the assessment of olfactory and gustatory functions (16), and significant correlations have been found between this scale and the Objective Odor Stick Tests (OOST) (17, 18).

Two additional patient-reported questionnaires were also administered: the Hyposmia Rating Scale (HRS) and the Chemotherapy Induced Taste Alteration Scale (CiTAS) (19). The HRS has been originally developed to grade olfactory dysfunctions in Parkinson's disease (20), and its clinical utility has been tested in several settings, showing a strong correlation with the OOST (21, 22). The total HRS score ranges from 6 (“no impairment”) to 30 (“worst impairment”). Taste alterations were assessed using the Italian validated version of the CiTAS, an 18-item scale that explores specific taste disturbances and their impact on patient nutrition (23, 24). The total CiTAS score ranges from 8 (“no impairment”) to 40 (“worst impairment”).



Electrophysiological assessment

Masseter inhibitory reflex (MIR) and BR were assessed in a single experimental session using a 4-channel electromyography device and dedicated software (Medelec Synergy, CareFusion Corporation, San Diego, CA). All patients and controls completed the planned electrophysiological investigations at baseline. A subgroup of seven patients underwent a follow-up evaluation 20 months after the baseline. The assessments were performed in a noiseless laboratory at normal room temperature, with patients lying on the examination table in a supine position with their eyes closed. Surface electrodes were used for electrophysiological testing. MIR and BR were recorded according to the Recommendations of the International Federation of Clinical Neurophysiology (25).

For the MIR investigation, the activity of both masseter muscles was tracked in two channels with the active electrode placed over the muscle belly and the reference electrode on the cheekbone arch. The mental nerve was stimulated by means of electrical stimuli with a duration of 0.2 ms in the projection of the mental foramen during maximal voluntary contraction of masticatory muscles. To avoid reflex habituation, stimulation was performed at random intervals ranging from 60 to 120 s. The stimulus intensity was eight times the sensory threshold (range from 8 to 23 mA), and it was usually felt as mildly painful (3–4 on a 10-degree VAS). The right and the left nerve were stimulated separately and consecutively. Eight traces with a duration of 250 ms and a pre-stimulus delay of 50 ms were averaged. Latencies at the onset and duration of the early (SP1) and late silent period (SP2) were assessed. The onset of the CSP was defined as the time when the electromyography (EMG) fell below 50% of the background EMG level preceding stimulus for at least 10 ms, and the end of the silent period was defined as when EMG returned to 50% of baseline for at least 10 ms (26, 27).

For BR examination, the active electrodes were placed bilaterally on the orbicularis oculi muscle and the reference electrodes just laterally to the lateral canthus. Right and left supraorbital nerves were stimulated successively over the supraorbital foramen. Electrical stimuli with a duration of 0.2 ms were applied at random intervals ranging from 60 to 120 s. Responses were elicited eight times, consecutively from both sides, and we recorded the following components: early component (R1), ipsilateral (iR2), and contralateral late component (cR2). The latency of reflex responses was measured from the shortest initial deflection, the amplitude was calculated from onset to maximum peak, and the duration was determined by manual cursor marking from the beginning to the end of responses. Average values of latency, duration, and amplitude of R1, iR2, and cR2 were calculated.

Signals were stored for offline analysis (band-pass filter: 10 Hz−10 kHz; sensitivity: 200 μV/Div; sweep speed: 10 ms/Div). Two of the authors, blind to the subjects' group, performed the electrophysiological evaluations and calculated MIR and BR measures.



Statistical analyses

The Kolmogorov-Smirnov normality test was applied for all electrophysiological variables. Mann–Whitney U test was used if the test was significant; otherwise, Student's t-test was carried out. Pearson's test was used to test correlations between clinical and electrophysiological data. In order to avoid a type II error in this exploratory study, we did not use correction for multiple comparisons.

For all analyses, p < 0.05 was considered significant. Statistical analyses were performed using SPSS statistical software (version 21.0).




Results

All but two patients had an overall mild disease course that did not require hospitalization. In most cases, the decrease in smell sensation (anosmia in 14 patients, hyposmia in two patients) represented the main symptom for which the patients were referred to the ENT outpatient clinic. Ageusia and hypogeusia were present in 11 and four patients, respectively. The onset of smell and taste disturbances was acute in all patients and cacosmia was not reported in any patient.

Additional symptoms included fever (ten patients), asthenia (ten patients), cough (two patients), nasal obstruction and/or rhinorrhea (six patients), dyspnea (two patients), musculoskeletal pain (two patients), and diarrhea (two patients). In addition to smell and taste disturbances, 11 patients reported other neurological symptoms, which included headache (nine patients) and limb paraesthesia (two patients). Neurological examination was, however, normal in all patients. None of the patients had been admitted to the intensive care unit. Therapy made included hydroxychloroquine (three patients), paracetamol (five patients), antibiotic therapy (three patients), and NSAIDs (one patient); no patient had practiced topical or systemic steroid therapy. None of the patients had previously been vaccinated as the experiment was conducted before the anti-COVID-19 vaccination campaign began. No patient had a undergone brain MRI at the time of the experiment. The time interval between the onset of disease symptoms and the electrophysiological assessment ranged from 5 to 50 days (mean ± SD: 16.0 ± 11.9 days). Clinical improvement was observed in all but two patients at 1-month follow-up (p < 0.01 for all clinical scales) (Table 1). Mean values together with the 95% confidence interval of the electrophysiological measures recorded in patients and healthy controls (HCs) are reported in Tables 2, 3. We refer to the 95% confidence interval found in the healthy subjects' group as the normative value range. Individual electrophysiological data compared with normal values are reported in Tables 4, 5.


TABLE 2 Findings from the masseter inhibitory reflex in COVID-19 patients and healthy subjects.
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TABLE 3 Findings from the blink reflex in COVID-19 patients and healthy subjects.
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TABLE 4 Individual parameters of the masseter inhibitory reflex in COVID-19 patients as compared to healthy subjects at baseline and at 20-month follow-up.
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TABLE 5 Individual parameters of the blink reflex in COVID-19 patients as compared to healthy subjects at baseline and at 20-month follow-up.
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Masseter inhibitory reflex

Patients and HCs did not differ in terms of background electromyographic activity of masseter muscles during voluntary contraction prior to the electrical stimulation (Figures 1A,B). Conversely, as compared with controls, patients showed an increased latency of the ipsilateral (iSP1) and contralateral SP1 (cSP1) after both right (p < 0.05 and p < 0.01 for the iSP1 and cSP1, respectively) and left stimulation (p < 0.01 for both the iSP1 and cSP1) (Table 2). No significant differences were found between the two groups regarding other measures evaluated. Of note, for stimulation on the right side, the SP2 was bilaterally absent in five patients and five healthy subjects, and contralaterally absent in one patient. When stimulating the left side, the SP2 was bilaterally absent in three patients and three healthy subjects, and ipsilaterally absent in one patient.


[image: Figure 1]
FIGURE 1
 Representative traces of the MIR recordings from a healthy subject and a patient with COVID-19. Upper traces: raw EMG signal, superimposed traces; lower traces: rectified average of same traces. In the healthy subject (A), the stimulation of the mental nerve evokes two silent periods (SP1 and SP2) in the active masseter muscle as indicated by the asterisks. (B) Absence of the inhibitory response (silent period) after mental nerve stimulation in a patient evaluated at baseline. MIR, masseter inhibitory reflex.


Single-subject analyses of data recorded at baseline showed at least one measure outside the normative value range in all patients (Table 4). We observed that in one patient, both the SP1 and SP2 were absent after bilateral stimulation, while in another patient, both the SP1 and SP2 were absent only after unilateral stimulation (Figure 1B). In all but one patient, there was an increased latency of the iSP1 or cSP1 after unilateral or bilateral stimulation. Duration of the iSP1 or cSP1 was prolonged after unilateral or bilateral stimulation in seven patients.



Blink reflex

No differences were observed between patients and controls regarding latency of all responses (i.e., R1, iR2, and cR2) after bilateral stimulation. Instead, as compared with healthy subjects, the patients' cohort had a greater amplitude of the R1 (p < 0.05) and an increased duration of the iR2 (p < 0.01) and cR2 (p < 0.05) after right stimulation (Table 3).

Single-subject analyses of data recorded at baseline showed that at least one electrophysiological measure was outside the normative value range in 14 patients (Table 5). Indeed, an increased latency of the R1 was observed after unilateral stimulation in three patients. The increased amplitude of the R1, iR2, or cR2 was found in eight patients. A prolonged duration of the iR2 or cR2 was observed after unilateral stimulation in five patients.



Correlation analyses

Significant correlations between clinical and electrophysiological findings are shown in Table 6. Of note, we found a positive correlation between the duration of both the iSP1 and cSP1 at baseline MIR investigation after bilateral stimulation and the time interval between symptom onset and electrodiagnostic examination. We also showed positive correlations between the duration of the iSP1 or cSP1 and scores at clinical scales performed at 1-month follow-up (Table 6) but not at baseline. BR measures did not show any significant correlation.


TABLE 6 Findings from correlation analyses between clinical and electrophysiological findings.
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Clinical and electrophysiological follow-up at 20 months

The follow-up was performed in seven of 16 patients (Tables 1, 4, 5). In all but one patient (numbered as 13 in Tables 4, 5), the olfactory and gustatory deficits had totally regressed. The number of alterations at MIR examination was reduced in five patients (Table 4). Notably, in both patients with absent SP1 and SP2 at baseline, the inhibitory electrophysiological response was restored at follow-up. With regard to BR, R1 latency was bilaterally normalized in one of the two patients who presented prolonged values at baseline (Table 5). The amplitude of the R1 and R2 normalized at follow-up in all five patients who presented increased values either unilaterally or bilaterally at baseline.




Discussion

In this study, we provide evidence of subclinical alterations of the trigeminal system in patients with COVID-19 and olfactory dysfunctions by means of the electrophysiological assessment of cranial nerve reflexes. The underlying abnormalities were more evident in the acute or subacute phases of the disease, although slight trigeminal impairment persisted in some subjects almost 2 years after symptom onset.

Masseter inhibitory reflex (MIR) is the most used neurophysiological tool for investigating the function of the third (mandibular) branch of the trigeminal nerve, which supplies sensory innervation of the buccal mucosa and inferior part of the face skin and contains motor fibers innervating the masticatory muscles (25). MIR consists of a reflex inhibition of the jaw-closing muscles elicited by a peri- or intra-oral electrical stimulation. Even after unilateral stimulation, MIR comprises an early and late component of suppression (SP1 and SP2, respectively) in both ipsilateral and contralateral masseter muscles. These silent periods are mediated by medium-myelinated Aβ afferents through oligosynaptic and polysynaptic circuits (for SP1 and SP2, respectively) within the brainstem (28, 29). On the other hand, the reflex arc of BR includes Aβ afferents of the first (ophthalmic) branch of the trigeminal nerve, which provides sensory innervation for the superior portion of the nasal cavity and the superior part of the face skin, as well as motor efferents of the facial nerve and brainstem neural circuits. BR comprises an early response (R1), which is ipsilateral to the side of stimulation and is relayed through a short oligosynaptic circuit, and a late response (R2), which is bilateral and is relayed through polysynaptic ponto-medullary pathways (25).

A relevant finding of this study is the prolonged latency of both the iSP1 and cSP1 after bilateral stimulation when assessing MIR in the patients' group, in the absence of significant differences in the latency of iSP2 and cSP2 as well as of early and late BR responses as compared with normal subjects. These results suggest a peripheral involvement of the mandibular branch rather than of the ophthalmic division of the trigeminal nerve. Indeed, in the case of a substantial brainstem impairment, we would have also expected greater latency alterations of MIR late components and additional BR abnormalities. Notwithstanding, limited brainstem damage cannot be ruled out at least in some patients, taking into account that assessment of the late components of both MIR and BR may be less sensitive in detecting subtle alterations. In fact, the SP2 at MIR investigation is often lacking even in physiological conditions, while the R2 components at BR examination are relatively unstable and they rapidly habituate to short-interval repetitive stimuli. Late responses are also less reliable considering that they are strongly modulated by suprasegmental afferents and can be influenced by cognitive factors (30, 31).

Our results deriving from BR evaluation differ from those recently described by Bocci et al. in patients with COVID-19 (32). These authors found marked alterations of the ipsilateral and contralateral R2 responses, which were absent or significantly reduced in amplitude and increased in duration, while no alterations were reported in the R1 response. Discrepancies with our findings of normal or only mildly impaired BR responses are not surprising considering the very different characteristics of the patients. Indeed, in the context of the severe disease course, all patients assessed in the study by Bocci et al. suffered from interstitial pneumonia and were intubated at the time of electrophysiological examination (32). Thus, the authors hypothesized a brainstem involvement featured by disruption of ponto-medullary circuitry subserving R2 responses and in close proximity to the respiratory nuclei.

The pathogenic mechanisms responsible for damage to the cranial nerves and brainstem structures in patients with COVID-19 remain controversial. To explain our findings, we hypothesize a peripheral involvement of the trigeminal nerve fibers due to either a direct viral attack or virus-induced inflammatory response. It is well-known that the angiotensin-converting enzyme 2 (ACE2) serves as the receptor for SARS-CoV-2 entry into host cells (30). Particularly, ACE2 is extensively expressed in the nasal and oral tissues (33, 34), thus damage to mucosal epithelial cells of the nasal and oral cavity may trigger a local inflammatory process capable to affect the trigeminal nerve endings. On the other hand, the trigeminal fibers could also be a potential direct target for SARS-CoV-2, as shown for other neurotropic respiratory viruses (35), and according to evidence of trigeminal nerve infestation by coronaviruses in mice (36). To define the underlying pathogenic mechanisms, without excluding the possible coexistence of direct and indirect damage to the trigeminal fibers, immunohistochemical staining of the trigeminal nerve branches in patients with COVID-19 could provide interesting information in future studies.

It has been supposed that SARS-CoV-2 could spread into the brainstem via the trigeminal nerve route (10). However, the prevailing hypothesis is that, in most subjects, neurological symptoms associated with COVID-19 do not arise from direct cytopathic effects mediated by SARS-CoV-2 but might result from a host-specific inflammatory response (9). Accordingly, in a recent systematic literature review, we showed that pathological correlates of neurological symptoms in patients with COVID-19 are mainly represented by brain inflammatory reactions and hypoxic-ischemic damage rather than neuronal viral load (8). Our electrophysiological findings do not support the hypothesis of brainstem damage, as we did not observe any clear evidence of alterations of the ponto-medullary polysynaptic circuits mediating the late responses of cranial reflexes. It is to remark, however, that the present results cannot be extended to patients with severe forms of the disease, in which brainstem damage related to SARS-CoV-2 neurotropism has been reported in some cases (37, 38).

The finding that more than 50% of the enrolled patients presented with headaches is in line with evidence that headache is a frequent symptom in patients with COVID-19 and smell disturbances (15, 39). To explain this link, neuroinflammation spreading from the olfactory bulbs to the frontal lobes has been supposed (37). Our data might also suggest that aberrant excitation of the trigeminal nerve fibers could contribute to headaches.

The increased amplitude of the R1 component at BR examination after unilateral stimulation, as well as other electrophysiological alterations observed only at single-subject analysis, such as the prolonged SP1 duration at MIR assessment found in several patients, could have different explanations. Indeed, beyond the possible influence of emotional and psychological factors including the arousal level (40–42), we cannot exclude the occurrence of subtle alterations in the ponto-medullary polysynaptic pathways or possible compensation mechanisms. In this regard, it is noteworthy that dynamic adaptation and compensatory processes in the interaction between the olfactory and trigeminal systems have been observed in patients with acquired anosmia, leading to an amplified trigeminal activation both at mucosal and central levels (43). These compensation mechanisms could develop over several days and this could explain the correlation between SP1 duration and time interval from symptom onset to electrodiagnostic examination. The correlation between SP1 duration and severity of smell and taste disturbances at 1-month follow-up also indicates that an increase in SP1 duration at baseline might predict more severe olfactory and gustatory deficits after 1 month. Though a long-term clinical and electrophysiological follow-up was performed only in a limited patient subgroup, our preliminary results suggest that the trigeminal alterations are not permanent but can recover over time in most of the subjects, even with restitutio ad integrum.

This study has some limitations. First, the number of patients enrolled is low, especially during the long-term follow-up. Furthermore, we did not investigate nasal and oral chemesthesis, which could have provided interesting clinical information on the trigeminal function to correlate with electrophysiological data. Among the strengths of this study, the recruitment of a patient's cohort with rather homogeneous clinical characteristics is noteworthy. However, the exclusion of patients with a severe disease course or without anosmia does not allow the data to be generalized to all patients with COVID-19.

In conclusion, this study is the first to prove subclinical impairment of the trigeminal nerve with an electrophysiological approach in patients with PCR-confirmed COVID-19 during the acute or subacute phases of the disease. Future electrophysiological studies on trigeminal function are needed to be carried out in larger patient groups having different clinical manifestations of disease, also considering the emergence of new SARS-CoV-2 variants that could have partly distinct pathogenic mechanisms. We believe that an in-depth understanding of the pathways involved in the neuronal damage associated with SARS-CoV-2 infection is essential for the development of effective prevention and treatment strategies.



Data availability statement

The datasets presented in this study can be found in online repositories. The raw data used in this study are available in the Zenodo repository: https://zenodo.org/record/6414083#.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee IRCCS Policlinico San Matteo. The patients/participants provided their written informed consent to participate in this study.



Author contributions

GC: conceptualization (equal), investigation (equal), methodology (equal), supervision (equal), data curation (equal), formal analysis (lead), and writing–original draft preparation (lead). EM and MT: conceptualization (equal), investigation (equal), methodology (equal), data curation (equal), and writing–review and editing (equal). PP and EAn: investigation (equal), data curation (equal), and writing–review and editing (equal). GT and IQ: data curation (equal) and writing–review and editing (equal). SL, RD, AC, MB, AP, and CT: investigation (equal) and writing–review and editing (equal). EAl: conceptualization (equal), investigation (equal), methodology (equal), supervision (equal), data curation (equal), and writing–review and editing (equal). All authors contributed to the article and approved the submitted version.



Funding

This study was supported by grants from the Italian Ministry of Health (Ricerca Finalizzata GR-2019-12369182).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Chou SH, Beghi E, Helbok R, Moro E, Sampson J, Altamirano V, et al. Global incidence of neurological manifestations among patients hospitalized with COVID-19–a report for the GCS-NeuroCOVID consortium and the ENERGY consortium. JAMA Netw Open. (2021) 4:e2112131. doi: 10.1001/jamanetworkopen.2021.12131

 2. Harapan BN, Yoo HJ. Neurological symptoms, manifestations, and complications associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease 19 (COVID-19). J Neurol. (2021) 268:3059–71. doi: 10.1007/s00415-021-10406-y

 3. Carlos CR, Gerardo MM, Jaime OG, Isauro GHL, Dios APJ. Prevalence of neurological manifestations in COVID-19 and their association with mortality. Neurol Perspect. (2021) 1:11–6. doi: 10.1016/j.neurop.2021.03.002 

 4. Cecchetto C, Di Pizio A, Genovese F, Calcinoni O, Macchi A, Dunkel A, et al. Assessing the extent and timing of chemosensory impairments during COVID-19 pandemic. Sci Rep. (2021) 11:17504. doi: 10.1038/s41598-021-96987-0

 5. Finsterer J, Scorza FA, Scorza C, Fiorini A. COVID-19 associated cranial nerve neuropathy: a systematic review. Bosn J Basic Med Sci. (2022) 22:39–45. doi: 10.17305/bjbms.2021.6341

 6. Manganotti P, Bellavita G, D'Acunto L, Tommasini V, Fabris M, Sartori A, et al. Clinical neurophysiology and cerebrospinal liquor analysis to detect Guillain-Barré syndrome and polyneuritis cranialis in COVID-19 patients: a case series. J Med Virol. (2021) 93:766–74. doi: 10.1002/jmv.26289

 7. Todisco M, Alfonsi E, Arceri S, Bertino G, Robotti C, Albergati M, et al. Isolated bulbar palsy after SARS-CoV-2 infection. Lancet Neurol. (2021) 20:169–70. doi: 10.1016/S1474-4422(21)00025-9

 8. Cosentino G, Todisco M, Hota N, Della Porta G, Morbini P, Tassorelli C, et al. Neuropathological findings from COVID-19 patients with neurological symptoms argue against a direct brain invasion of SARS-CoV-2: a critical systematic review. Eur J Neurol. (2021) 28:3856–65. doi: 10.1111/ene.15045

 9. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kummerlen C, et al. Neurologic features in severe SARS-CoV-2 infection. N Engl J Med. (2020) 382:2268–70. doi: 10.1056/NEJMc2008597

 10. Satarker S, Nampoothiri M. Involvement of the nervous system in COVID-19: the bell should toll in the brain. Life Sci. (2020) 262:118568. doi: 10.1016/j.lfs.2020.118568

 11. Doblan A, Kaplama ME, Ak S, Basmaci N, Tarini EZ, Göktaş SE, et al. Cranial nerve involvement in COVID-19. Am J Otolaryngol. (2021) 42:102999. doi: 10.1016/j.amjoto.2021.102999

 12. Ferreli F, Di Bari M, Gaino F, Albanese A, Politi LS, Spriano G, et al. Trigeminal features in COVID-19 patients with smell impairment. Int Forum Allergy Rhinol. (2021) 11:1253–5. doi: 10.1002/alr.22796

 13. Otte MS, Bork ML, Zimmermann PH, Klußmann JP, Lüers JC. Patients with COVID-19-associated olfactory impairment also show impaired trigeminal function. Auris Nasus Larynx. (2022) 49:147–51. doi: 10.1016/j.anl.2021.07.012

 14. Favas TT, Dev P, Chaurasia RN, Chakravarty K, Mishra R, Joshi D, et al. Neurological manifestations of COVID-19: a systematic review and meta-analysis of proportions. Neurol Sci. (2020) 41:3437–70. doi: 10.1007/s10072-020-04801-y

 15. Sampaio Rocha-Filho PA, Albuquerque PM, Carvalho LCLS, Dandara Pereira Gama M, Magalhães JE. Headache, anosmia, ageusia and other neurological symptoms in COVID-19: a cross-sectional study. J Headache Pain. (2022) 23:2. doi: 10.1186/s10194-021-01367-8

 16. Maiorano E, Calastri A, Robotti C, Cassaniti I, Baldanti F, Zuccaro V, et al. Clinical, virological and immunological evolution of the olfactory and gustatory dysfunction in COVID-19. Am J Otolaryngol. (2022) 43:103170. doi: 10.1016/j.amjoto.2021.103170

 17. Hashimoto Y, Fukazawa K, Fujii M, Takayasu S, Muto T, Saito S, et al. Usefulness of the odor stick identification test for Japanese patients with olfactory dysfunction. Chem Senses. (2004) 29:565–71. doi: 10.1093/chemse/bjh061

 18. Haxel BR, Bertz-Duffy S, Fruth K, Letzel S, Mann WJ, Muttray A. Comparison of subjective olfaction ratings in patients with and without olfactory disorders. J Laryngol Otol. (2012) 126:692–7. doi: 10.1017/S002221511200076X

 19. Benazzo M, Cassaniti I, Maiorano E, Calastri A, Novazzi F, Bonetti A, et al. SARS-CoV-2 Virologic and immunologic correlates in patients with olfactory and taste disorders. Microorganisms. (2020) 8:1052. doi: 10.3390/microorganisms8071052

 20. Millar Vernetti P, Perez Lloret S, Rossi M, Cerquetti D, Merello M. Validation of a new scale to assess olfactory dysfunction in patients with Parkinson's disease. Parkinsonism Relat Disord. (2012) 18:358–61. doi: 10.1016/j.parkreldis.2011.12.001

 21. Galletti B, Santoro R, Mannella VK, Caminiti F, Bonanno L, De Salvo S, et al. Olfactory event-related potentials: a new approach for the evaluation of olfaction in nasopharyngeal carcinoma patients treated with chemo-radiotherapy. J Laryngol Otol. (2016) 130:453–61. doi: 10.1017/S0022215116000761

 22. Yu Q, Guo P, Li D, Zuo L, Lian T, Yu S, et al. Olfactory dysfunction and its relationship with clinical symptoms of Alzheimer disease. Aging Dis. (2018) 9:1084–95. doi: 10.14336/AD.2018.0819

 23. Campagna S, Gonella S, Stuardi M, Sperlinga R, Cerponi M, Olivero M, et al. Italian validation of the chemotherapy induced taste alteration scale. Assist Inferm Ric. (2016) 35:22–8. doi: 10.1702/2228.24016

 24. Kano T, Kanda K. Development and validation of a chemotherapy-induced taste alteration scale. Oncol Nurs Forum. (2013) 40:79–85. doi: 10.1188/13.ONF.E79-E85

 25. Cruccu G, Deuschl G. The clinical use of brainstem reflexes and hand-muscle reflexes. Clin Neurophysiol. (2000) 111:371–87. doi: 10.1016/S1388-2457(99)00291-6

 26. Manconi FM, Syed NA, Floeter MK. Mechanisms underlying spinal motor neuron excitability during the cutaneous silent period in humans. Muscle Nerve. (1998) 21:1256–64. doi: 10.1002/(sici)1097-4598(199810)21:10<1256::aid-mus3>3.0.co;2-a

 27. Uncini A, Kujirai T, Gluck B, Pullman S. Silent period induced by cutaneous stimulation. Electroencephalogr Clin Neurophysiol. (1991) 81:344–52. doi: 10.1016/0168-5597(91)90023-Q

 28. Cruccu G, Agostino R, Inghilleri M, Manfredi M, Ongerboer de Visser BW. The masseter inhibitory reflex is evoked by innocuous stimuli and mediated by A beta afferent fibres. Exp Brain Res. (1989) 77:447–50. doi: 10.1007/BF00275005

 29. Cruccu G, Iannetti GD, Marx JJ, Thoemke F, Truini A, Fitzek S. Brainstem reflex circuits revisited. Brain. (2005) 128:386–94. doi: 10.1093/brain/awh366

 30. Ongerboer de Visser BW, Cruccu G. Neurophysiologic examination of the trigeminal, facial, hypoglossal, and spinal accessory nerves in cranial neuropathies and brain stem disorders. In:Brown WF, Bolton CF, , editors. Clinical Electromyography. Boston: Butterworth-Heinemann (1993) p. 61–92. 

 31. Kimura J, Daube J, Burke D, Hallett M, Cruccu G, Ongerboer de Visser BW, et al. Human reflexes and late responses report of an IFCN committee. Electroencephalogr Clin Neurophysiol. (1994) 90:393–403. doi: 10.1016/0013-4694(94)90131-7

 32. Bocci T, Bulfamante G, Campiglio L, Coppola S, Falleni M, Chiumello D, et al. Brainstem clinical and neurophysiological involvement in COVID-19. J Neurol. (2021) 268:3598–600. doi: 10.1007/s00415-021-10474-0

 33. Salamanna F, Maglio M, Landini MP, Fini M. Body localization of ACE-2: on the trail of the keyhole of SARS-CoV-2. Front Med. (2020) 7:594495. doi: 10.3389/fmed.2020.594495

 34. Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High expression of ACE2 receptor of 2019-nCoV on the epithelial cells of oral mucosa. Int J Oral Sci. (2020) 12:8. doi: 10.1038/s41368-020-0074-x

 35. Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie L, Dubé M, et al. Human coronaviruses and other respiratory viruses: underestimated opportunistic pathogens of the central nervous system? Viruses. (2019) 12:14. doi: 10.3390/v12010014

 36. Perlman S, Jacobsen G, Afifi A. Spread of a neurotropic murine coronavirus into the CNS via the trigeminal and olfactory nerves. Virology. (1989) 170:556–60. doi: 10.1016/0042-6822(89)90446-7

 37. Meinhardt J, Radke J, Dittmayer C, Franz J, Thomas C, Mothes R, et al. Olfactory transmucosal SARS-CoV-2 invasion as a port of central nervous system entry in individuals with COVID-19. Nat Neurosci. (2021) 24:168–75. doi: 10.1101/2020.06.04.135012

 38. von Weyhern CH, Kaufmann I, Neff F, Kremer M. Early evidence of pronounced brain involvement in fatal COVID-19 outcomes. Lancet. (2020) 395:e109. doi: 10.1016/S0140-6736(20)31282-4

 39. Di Stadio A, Brenner MJ, De Luca P, Albanese M, D'Ascanio L, Ralli M, et al. Olfactory dysfunction, headache, and mental clouding in adults with long-COVID-19: what is the link between cognition and olfaction? A cross-sectional study. Brain Sci. (2022) 12:154. doi: 10.3390/brainsci12020154

 40. Rossi A, Scarpini C. Gating of trigemino-facial reflex from low-threshold trigeminal and extratrigeminal cutaneous fibres in humans. J Neurol Neurosurg Psychiatry. (1992) 55:774–80. doi: 10.1136/jnnp.55.9.774

 41. Koh CW, Drummond PD. Dissociation between pain and the nociceptive blink reflex during psychological arousal. Clin Neurophysiol. (2006) 117:851–4. doi: 10.1016/j.clinph.2005.12.004

 42. Ertuglu LA, Aydin A, Kumru H, Valls-Sole J, Opisso E, Cecen S, et al. Jendrassik maneuver effect on spinal and brainstem reflexes. Exp Brain Res. (2019) 237:3265–71. doi: 10.1007/s00221-019-05668-y

 43. Frasnelli J, Schuster B, Hummel T. Interactions between olfaction and the trigeminal system: what can be learned from olfactory loss. Cereb Cortex. (2007) 17:2268–75. doi: 10.1093/cercor/bhl135



OPS/images/fneur-13-981888-t004.jpg
Patients

10

11

12

13

14

15

16

To
Latency

1 ¢SP1 after right stimulation;
1 iSP1 and cSP1 after left
stimulation

1 iSP1 and cSP1 after left
stimulation; 1 iSP2 and cSP2
after right stimulation

1 iSP1 after right stimulation;
absent iSP1 and cSP1 after left
stimulation

1 iSP1 and cSP1 after bilateral

stimulation

1 iSP1 and cSP1 after left
stimulation

1 iSP1 and cSP1 after bilateral
stimulation

1 ¢SP1 after right stimulation

1 ¢SP1 after right stimulation
1 ¢SP1 after right stimulation
1 iSP1 after right

4+ iSP1and cSP1 after left

stimulation

ulation;

1 cSP1 after right stimulation;
1 iSP1 and iSP2 after left
stimulation

1 ¢SP1 after right stimulation

 cSP1 and cSP2 after right

stimulation

Absent SP1 and SP2 after
bilateral stimulation

1 ¢SP1 after right stimulation

Duration

1 iSP1 and cSP1 after bilateral

stimulation

1 iSP1 after right stimulation;
1 iSP2 and cSP2 after right

stimulation

1 iSP1 after right stimulation;
absent iSP1 and cSP1 after left
stimulation

1 iSP2 and cSP2 after right
stimulation; 1 cSP2 after left
stimulation

1 cSP2 after left stimula

4 cSP2 after left stimulation

4 cSP2 after left stimulation

1iSP1 and cSP1 after left
stimulation; | cSP2 after left
stimulation

N

1 iSP1 and cSP1 after left

stimulation

1 iSP2 and cSP2 after left
stimulation
1iSP1 and cSP1 after left

stimulation

Absent SP1 and SP2 after
bilateral stimulation

1 iSP1 after bilateral
stimulation

1 iSP1 after bilateral
stimulation; 1 cSP2 after left

stimulation

Latency

N for iSP1 and cSP1 after
right stimulation; 1 iSP1 after
left stimulation

1 iSP1 and cSP2 after right
stimulation; 1 cSP1 after left
stimulation

1 iSP1 after left stimulation

1 cSP1 after right stimulation;
N foriSP1 and cSP1 after left
stimulation

N foriSP1and cSP1 after
right stimulation; 1 cSP2 after
right stimulation

N

Parameters were considered abnormal when their value fell outside the 95% confidence interval recorded in the healthy controls.

<

1, contralateral early

T2

Duration

N for iSP1 and cSP1 after

bilateral stimulation

| cSP2 after left stimulation

1 cSP2 after bilateral
stimulation
N

1 iSP1 after right stimulation;
1 cSP1 after bilateral
stimulation

1 iSP1 after bilateral
stimulation; N for ¢SP1 after
bilateral stimulation

N

nt period; cSP2, contralateral late slent periods iSP1, ipsilateral early slent periods iSP2 ipsilaterallate silent period; N, normal values; T0, baseline assessment;
T2, 20-month follow-up; 1, increased values; |, reduced value:





OPS/images/fneur-13-981888-t005.jpg
Patients

10

11

12

13

14

15

16

Parameters were considered abnormal when their value fell outside the 95% confidence interval recorded in the healthy controls.
ilateral R2; cR2, contralateral R2; N, normal values; T0, baseline as:

Latency

N
1 R1,iR2, and cR2 after
left stimulation

N

1 Rl after left
stimulation
N

 RI after right
stimulation; 1 iR2 after

left stimulation

To
Amplitude
N
N

1 iR2 after right
stimulation

N

1 iR2 after right
stimulation; 1 R1and
CR2 after left stimulation
N

N

Rl after bilateral
stimulation

1 Rl after right
stimulation

1 iR2 and cR2 after left
stimulation

1 Rl after right
stimulation

N

1 cR2 after left
stimulation

N

1 iR2 after right
stimulation; 1 iR2 and
cR2 after left stimulation

N

essment; T2, 20-month follow-uy

Duration

1 iR2 and cR2 after right
stimulation

1 iR2 after left
stimulation

1 iR2 and cR2 after right
stimulation

1 iR2 after right
stimulation

N

z

iR2 after right
stimulation

N

N
1 iR2 affter right

stimulation

ncreased valug

Latency

T2
Amplitude

N

N

Duration

1 iR2 and cR2 after right

stimulation






OPS/images/fneur-13-981888-t002.jpg
Latency, ms

Duration, ms

Mean values  SD and 95% confidence
“p < 0.05,"'p < 0.01.
<SP1, contralateral

Right stimulation

Left stimulation

Right stimulation

Left stimulation

intervals are showe

$P2, contralateral late

lent period; iSP1,

iSP1
csP1
isP2
cSP2
iSP1
csP1
isP2
cSP2
isP1
csP1
isP2
cSP2
iSP1
csP1
isP2
csP2

Patients

15.0 £ 3.2 11.7-21.6*
158+ 3.5:10.5-21.9%
49.8 % 7.9;37.2-64.5
50.2 4 8.4;38.4-65.7
1544 3.6, 11.7-24.9%
15.1 £3.2105-23.1%
48.0 % 8.4; 34.5-62.1
48547.8;32.7-61.8
185 % 11.0;9.6-56.1
17.8 % 11.4;9.6-56.1
34.04+87;222-528
33141015 192-53.4
19.0 122 105-59.4
19.7 4 11.2;12.0-54.6
343 % 8.8;25.5-57.0
35.648.2;21.9-54.3

Healthy controls

124 % 1.9;9.3-17.1

114 0.8;105-13.2
48.8 % 8.1;33.6-60.6
48547.8;33.6-57.3
118 % 1.2;9.6-144

12.0 % 1.4; 10,
49.4 % 6.2;40.8-61.5

153

48.4%7.0;37.8-63.0
14.5 % 2.7;102-18.9
13,6 3.6;9.0-233

35.7 % 8.3;24-50.1

385 4 8.4;25.2-48.6
143 %2.7;102-18.6
14.9 £ 2.9;102-19.2
397 +8.3;19.5-49.8
394 4.6;33.3-48.9

¢ 95% confidence intervals recorded in the healthy controls correspond to the normative value range.





OPS/images/fneur-13-981888-t003.jpg
Latency, ms Right stimulation

Left stimulation

Amplitude, 1V Right stimulation

Left stimulation

Duration, ms Right stimulation

Left stimulation

Mean values = S}
“p < 0.05,"'p < 0.0L.
iR2, ipsilateral R2; cR2, contralateral R2.

RI
iR2
R2
RI
iR2
R2
RI

R2
RI
iR2
cR2
RI
iR2

Patients

111 1.0;9.5-13.1
32243.2;259-36.5
33543.0;283-37.6

111 1.2;9.2-132
3254 3.8, 26.4-40.7
327 £4.225.1-41.0
227.5 % 128.3; 96.4-458.1%
224.3 4 89.15109.7-378.6
168.3  86.3; 45.2-406.5
193.1 % 108.1; 35.5-419.4
205.5 4 92.9;72.9-361.3
189.24 79.1;72.6-354.8
8.1 % 1.4;63-12.0

44.1 % 6.45 36.0-59.3*
423673 33.1-57.5*
8.0 1.1;63-102

417 £4.3;35.8-48.5
418 % 3.7; 34.4-47.1

Healthy controls

110 L1;7.9-12.1

32243.9;233-383
333:44.2;24.5-41.6
108 1.1;8.9-12.1

3224 4.0;22.5-37.0
341 4.423.7-404
115.0 2 100.2; 21

168.3 £ 86
154.9 4 107.3; 35.7-396.4
134.3 + 84.9;17.9-307.1
213.6 4 98.2; 66.1-357.1
150.3 % 58.6; 51.8-221.4
7.7 £ 14;5.1-9.9

373 % 4.6;30.3-454
363 % 6.6;26.0-48.5
8.0+ 1852-12.1
4194 3.9;36.4-51.1

40.0 % 5.0, 1.5-49.0

ervals recorded in the healthy controls correspond to the normative value range.





OPS/images/fneur-13-981888-t006.jpg
d-iSP1 d-cSP1 d-iSP1 d-cSP1 d-cSP2 1-iSP2 1-cSP2 1-iSP2 1-cSP2

(R) (R) (L) (L) (R) (R) ®) L) (9]
Interval onset-EDX  r=0670 r=0753 r=0649 r=0565 - - - - -
p=0006  p=0002 p=0012 p=0035
VAS-O (T0) - = - o r=0787 N . - -
p=0.007
VAS-G (T0) - - - - r=0.649 = - = &
Pp=0.042
HRS (T0) - - - - r=0726 - - - -
p=0017
CiTAS (T0) s E < 2 # 2 = s £
VAS-O (T1) r=0.549 - r=0703 r=0767 - - - - e
p=0034 p=0.005 p=0001
VAS-G (T1) r=0517 - r=0.668 r=0755 - - - - -
p=0.048 p=0.009 p=0002
HRS (T1) - - r=0619 r=0680 - : . . -
p=0018 p=0007
CITAS (T1) r=059% r=0560 r=0715 r=0755 - - 0673 - -
p=0019  p=0037 P p=0002 p=0033

Pearson's correlation coefficients (r) and p-values are showed.
CITAS, Chemotherapy Induced Taste Alteration Scale; cSP1: contralateral early silent peri ilent period; d, duration
1, ipsilateral early silent periods iSP2, ipsilateral late silent period; 1, latency; L, left stimulation; R, right stimulati
tatory Visual Analog Scale; VAS-O, Olfactory

; ¢SP2, contralateral late EDX, electrodi

nostic examination; HRS,

ale; iS

T, baseline assessment; T1, 1-month

follow-up; VAS-G, G

Visual Analog Scale.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Electrophysiological evidence of subclinical trigeminal dysfunction in patients with COVID-19 and smell impairment: A pilot study



		Introduction



		Methods



		Study population



		Clinical assessment of the olfactory and gustatory function



		Electrophysiological assessment



		Statistical analyses







		Results



		Masseter inhibitory reflex



		Blink reflex



		Correlation analyses



		Clinical and electrophysiological follow-up at 20 months







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Electrophysiological evidence of
subclinical trigeminal
dysfunction in patients with
COVID-19 and smell
impairment: A pilot study





OPS/images/fneur-13-981888-g001.gif
l |
Mv\i‘h{‘\gﬂbfwwww)‘h MIW;Ww‘j«‘MMMMwﬁm

b





OPS/images/fneur-13-981888-t001.jpg
All patients Patients who Healthy

(n=16) underwent T2 subjects
(n=7) (n=14)

Sex 6M/10F 3MHMF TMI7E
Age, years 40+ 124 4364107 41198
Interval 160+ 12.0 129455 -
onset-EDX,
days
VAS-O (T0) 87424 84428 -
HRS (T0) 262466 257%7.7 -
VAS-G (T0) 7340 67447 -
CITAS (T0) 2884123 2844142 -
VAS-O (T1) 24437 24442 -
HRS (T1) 132495 1204104 -
VAS-G (T1) 27439 24%42 -
CITAS (T1) 155114 4123 -
VAS-O (T2) - 0615 -
HRS (T2) = 77£45 o
VAS-G (T2) - 06415
CITAS (T2) - 103460 -

Data are reported as number of patients or mean values & SD.

CGITAS, Chemotherapy Induced Taste Alteration Scale; EDX, electrodiagnostic
nation; HRS, Hyposmia Rating Scale; T0, baseline ass 1, 1-month
follow-up; T2, 20-month follow-up; VAS-G, Gustatory Visual Analog Scale; VAS-O,
Olfactory Visual Analog Scale.










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





