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Introduction

The platelet-rich plasma (PRP) is currently used in many 
disciplines, including dermatology, orthopedic, and otolar-
yngology for its anti-inflammatory and recovery proper-
ties. Recent studies suggested that PRP may be effective for 
postviral olfactory dysfunction lasting for 6 to 18 months 
[1–3]. Currently, there are no publications investigating 
its usefulness for long-lasting postviral olfactory dysfunc-
tion (LPOD), which can be defined as OD without change 
2 years after the onset of OD. The use of PRP in patients 
with LPOD could be promising given the several basic sci-
ence studies suggesting that LPOD in patients and animal 
models could be related to the long-term persistence of viral 
proteins in the olfactory tissues, and a potentially related 
immune response [4, 5]. In that way, we could hypothesize 
that the anti-inflammatory effect of PRP could inhibit the 
immune response responsible for the chronic inflammation, 
while the regenerative properties could accelerate the recov-
ery process.

The objective of this study was to investigate the effec-
tiveness of PRP in the management of LPOD.
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Abstract
Objective  To investigate the platelet-rich plasma (PRP) effectiveness in patients with a long-lasting postviral olfactory dys-
function (LPOD).
Methods  Forty-three consecutive patients with a long-lasting postviral OD were prospectively recruited. The injection of 1 
mL of PRP was carried out in both olfactory clefts. The pre- to 6-month post-PRP injection change in olfaction was assessed 
with the olfactory disorder questionnaire (ODQ) and the threshold, discrimination, and identification (TDI) tests.
Results  Forty-three patients received bilateral PRP injections (24 females). The mean age of patients was 58.9 ± 16.8 years. 
The mean duration of LPOD was 8.7 years. The pre to 6-month post-injection mean TDI significantly improved from 
10.3 ± 10.2 to 20.12 ± 12.07 (p = 0.001). The mean ODQ significantly decreased from 29.8 ± 13.0 to 23.4 ± 11.3 (p = 0.013). 
The average change of the TDI and the ODQ were 9.8 and 6.4, respectively. Age was inversely associated with the 6-month 
threshold score.
Conclusion  PRP appears to be a promising therapeutic strategy for long-lasting postviral OD. Our findings support the con-
duction of controlled randomized trial in this population of patients.
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Methods

Patients with postviral OD lasting for more than 3 years 
were consecutively recruited from the Dour ENT Medi-
cal Center (Belgium) from September 2021 to July, 2023. 
LPOD consisted of anosmia or hyposmia at the threshold, 
discrimination, and identification (TDI) test, and was docu-
mented after nasal infection in the patient medical record. 
Anosmia consisted of a TDI score ≤ 16 points, while hypos-
mia was established as a TDI score of less than 30.75 [6]. 
Patients with the following conditions were excluded: post-
traumatic, neurological, post-COVID-19 OD; chronic rhi-
nosinusitis with/without nasal polyposis; chronic rhinitis; 
anatomical obstructive olfactory clefts; history of nasal 
chemo/radiation or functional endoscopic sinus surgery, 
severe neurological or psychiatric comorbidities. The study 
protocol was approved by ethics committee (CHU-Saint-
Pierre, SP2102028).

Platelet-rich plasma injection

The PRP injection was performed by the first authors 
(J.R.L.) regarding a standardized procedure3 (Fig.  1). In 
sum, the procedure started with the blood extraction (20 
mL) by the nurse into a tube with sodium citrate anticoagu-
lant (RegenLab®, Regenkit-A-PRP, Lille, France). The PRP 
was isolated through a 5-min centrifugation at 4,200 rpm. 
The supernatant was drawn up into a 10 mL syringes. The 
the PRP was transferred in a 1 mL syringe armed with a 
27-G needle (10 cm length). The local anesthesia was per-
formed with Xylocain 10% spray 2 min after the injection 
of xylometazoline chlorhydrate drops into the nasal fossae. 
The injection was performed through a 30° rigid optic to 
guide the needle direction to the nasal septum of the olfac-
tory cleft. The needle was bent to have better access to the 
septum because many patients have nasal deviation, which 
can limit the view of the olfactory cleft. Several points of 
0.2 mL are carried out in the nasal septum in regard of the 
head of the middle turbine, and in the anterior part of the 
olfactory cleft region (1 mL per side). According to the ini-
tial procedure description [1, 3], the otolaryngologist did 

Fig. 1  Injection procedure and outcomes. The blood extraction was 
performed into a 20 mL tube with sodium citrate anticoagulant (1). 
The isolation of PRP was performed with a 10-min centrifugation at 
4,200 rpm (2). The supernatant was drawn up into a 10 mL syringe 
and the PRP was consecutively transferred into a 1 mL syringe (3). 
The injection was performed with a 27-G needle (10 cm). The nasal 
anesthesia was performed with Xylocain 10% spray (4). The injection 
was performed through a 0° or 30° rigid endoscope to guide the needle 
direction (5). Septal deviations limiting the access to olfactory cleft 

require bent needle (3). The presence of nasal deviation can limit the 
injection, which explain why the practitioner can inject 1 mL in one 
side and more (2 mL) in the other side. Otolaryngologist performed 
bilateral four to six injections of 0.1–0.2 mL in the nasal septum of the 
olfactory cleft, 1 to 2 cm below the papyracea bone (nasal roof; 6, 7). 
The number of injections was determined by the access and the length 
of the olfactory cleft. Patients were observed for 15 min after the pro-
cedure for potential adverse events, bleeding and were then discharged
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not inject the lateral wall (middle turbinate). The proce-
dure is similarly performed in both nasal cavities. The oto-
laryngologist (J.R.L.) injected 2 mL in the right side and 
1.0 mL in the left side. Patients were commonly observed 
for 15 min post-procedure in the waiting room for poten-
tial adverse events. Only one injection was carried out in 
patients. Patients were encouraged to adhere to a standard-
ized olfactory training for 12 weeks [7].

Demographic, clinical and olfactory outcomes

The following data were collected through a standardized 
online questionnaire at the first evaluation: age; gender; 
comorbidities; allergy; tobacco consumption; previous 
adherence to an olfactory training protocol or medication/
dietary supplements. From pre- to 6-month post-PRP injec-
tion, patients completed the French version of the olfac-
tory disorder questionnaire (ODQ) [8], which is a validated 
and standardized patient-reported outcome questionnaire 
including parosmia (/12), quality of life (/57), and sincer-
ity (/18) scores. The psychophysical tests (TDI; Medisense, 

Groningen, Netherlands) were performed at baseline and 
6-month post-injection [6].

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for the Social Sciences for Windows (v.29.0; IBM 
Corp, Armonk, USA). The pre- to post-injection ODQ and 
TDI changes were assessed with Wilcoxon Rank test and 
the average differences in ODQ and TDI. According to 
the literature, the minimal clinically important difference 
(MCID) consist of 5.5 and 5.2 for the TDI and the ODQ, 
respectively [3, 9]. The correlation analysis between demo-
graphics, clinical, and olfactory outcomes was performed 
with Spearman rho. The association was considered as low, 
moderate and strong for rs<0.30, 0.30–0.60, and rs>0.60, 
respectively. A p-value < 0.05 was considered as significant.

Results

Setting and patients

Forty-three patients received bilateral PRP injections (24 
females). Eight patients were lost of follow-up. The mean 
age of patients was 58.9 ± 16.8 years old. The demograph-
ics and olfactory features are described in Table  1. The 
patient comorbidities are available in Table 2. Most patients 
were anosmic. The mean duration of OD was 104.7 ± 67.2 
months (8.7 years). The interventions at the onset of the OD 
were reported in Table 1. At the time of the PRP protocol, no 
medication was prescribed to patients.

Table 1  Patient olfactory features
Outcomes Patients (N = 43)
Age (mean, SD) 58.9 ± 16.8
Sex (N, %)
Male 19 (44)
Female 24 (56)
Duration of OD (month; mean, SD) 104.7 ± 67.2
Intervention at the OD onset (N, %)
Olfactory training (12 weeks) 15 (35)
Nasal corticosteroids 14 (33)
Oral corticosteroids 7 (16)
Zinc 6 (14)
Vitamin B 4 (9)
Alpha lipoic acid 1 (2)
Vitamin A 1 (2)
Omega 3 0 (0)
ODQ outcomes (mean, SD)
Parosmia statement 3.4 ± 2.6
Life quality statement 21.5 ± 10.6
Sincerity statement 4.8 ± 2.7
ODQ total score 29.8 ± 13.0
Psychophysical evaluations (mean, SD)
Threshold 1.3 ± 2.2
Discrimination 4.5 ± 4.4
Identification 4.5 ± 4.2
TDI total score 10.3 ± 10.3
OD types (TDI; N, %)
Anosmia 32 (74)
Hyposmia 11 (26)
Abbreviations N = number; ODQ = olfactory disorder questionnaire; 
TDI = threshold, discrimination, identification; SD = standard devia-
tion

Table 2  Comorbidities
Comorbidities Patients (N = 43)
Reflux 11 (26)
Hypertension 9 (21)
Cholesterol disorder 9 (21)
Thyroid disorder 6 (14)
Arthrosis 6 (14)
Diabetes 4 (9)
Asthma 2 (5)
Cardiologic affections 2 (5)
Depression 1 (2)
Cancer history 1 (2)
Respiratory insufficiency 1 (2)
Renal insufficiency 1 (2)
Psoriasis 1 (2)
Autoimmune disease (arthritis rheumatoid) 1 (2)
Hepatic insufficiency 0 (0)
Allergy 6 (14)
Tobacco consumption 3 (7)
Outcomes consist of number and percentage
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Discussion

To date, there is a few solutions for patients with LPOD, 
while the injection of PRP into the olfactory cleft recently 
reported promising findings in patients with short-lasting 
POD [1–3].

The results of the present study supported that PRP may 
be proposed in patients with a LPOD. Indeed, mean average 
of the TDI and the ODQ reached the MCID reported in the 
literature [3, 9], while TDI and ODQ significantly improved 
from pre- to post-injection. The pathophysiology of LPOD 
is still poorly understood. In a recent study, de Melo et al. 
reported that humans with persistent OD related to COVID-
19 have chronic inflammatory reaction in the olfactory 
neuroepithelium, and related prolonged or relapsing loss 
of smell [10]. Interestingly, authors observed that COVID-
19 hamsters had long time anosmia lasting as long as the 
virus remained in the olfactory epithelium and the olfactory 
bulb. Thus, the long-term persistence of anosmia was asso-
ciated with persistence of virus transcripts in infected cells, 
and protracted inflammation [10]. The study of de Melo et 
al. corroborates the findings of basic science and animal 
research conducted before the pandemic. Indeed, the olfac-
tory neuroepithelium has been recognized for a long time 
as an important route for many viruses to invade the central 
nervous system. In LPOD, some experimental animal stud-
ies have reported that certain viruses, such as the Sendai 
virus or the para-influenza viruses, may persist in the olfac-
tory neuroepithelium and/or bulb cells over time [4]. The 
persistence of the Sendai virus is associated with the impair-
ment of the ability of olfactory sensory neurons to take up 
calcium ions after stimulation, by suppressing apoptosis of 
olfactory sensory neurons, which alters the normal regen-
erative ability of the olfactory epithelium over the long-term 
[4]. In the same vein, Mori et al. detected para-influenza 
virus nucleoprotein gene in the cells of the olfactory bulb 
of infected mice more than 168 days post-infection [5]. 
In a murine model of viral rhinosinusitis, Klemens et al. 
observed that despite the resolution of infection, the T sup-
pressor and T regulatory cell immune responses persisted 
over the long-term in the olfactory region [11]. All these 
studies suggest that patients with LPOD might maintain 
long-term persistence of viral proteins within the olfactory 
tissues, and a potentially related immune response. The PRP 
was initially suggested as a promising treatment for LPOD 
in 2018 by Yasak et al. who investigated the effectiveness of 
PRP on anosmia in a mouse model of anosmia [12]. In this 
study, the authors injected PRP or a saline solution into the 
mice and observed that food-finding test, epithelial thick-
ness, and epithelial damage scores were significantly better 
in the PRP group compared to the control at 21 days post-
injection [12]. Accordingly, we could hypothesize that PRP 

Fourteen patients (32.6%) had never adhered to an olfac-
tory training protocol since the onset of OD. Fifteen patients 
(34.9%) recognized having adhered to a 12-week olfactory 
training protocol in the past, prior to the inclusion in the 
present study without subjective olfactory change. Among 
them, 5 patients reported subjective substantial improve-
ments in their sense of smell after the first olfactory training 
protocols a few years ago. The remaining patients (N = 14, 
32.6%) had adhered to several olfactory training protocols 
in the past few years. Among patients who underwent olfac-
tory trainings, 19 (44.2%) reported sniffing daily odors or 
essential oils every day since the smell loss and prior to the 
inclusion in the present study.

Post-injection outcomes

Twenty patients (46.5%) had transient nasal bleeding in 
the 10 min following the injection and two patients (4.7%) 
reported transient postnasal drip in the 3 days following the 
procedure.

The 6-month endoscopic examination did not report 
olfactory cleft abnormalities or inflammation. A personal-
ized olfactory training was completed by 41 patients (95%). 
The first smell improvements were perceived by patients 
after a mean of 3 weeks. The mean ODQ and TDI sub- and 
total scores significantly improved from baseline to 6-month 
post-injection. The average difference of the TDI and the 
ODQ were 9.8 and 6.4, respectively (Table 3), reaching the 
MCID. The TDI significantly increased in 87.5%, respec-
tively. According to ODQ, 71.4% of patients self-reported 
a significant improvement of smell sense. The response to 
PRP (changes of TDI and ODQ) was similar in patients 
adhering to an olfactory training prior to the inclusion in 
the study versus those without history of olfactory training.

There was a moderate correlation between the duration 
of OD and both severities of parosmia score (rs=-0.427; 
p = 0.007) and ODQ (rs=-0.438; p = 0.005). Age was 
inversely associated with the 6-month threshold score (rs=-
0.420; p = 0.046).

Table 3  Olfactory outcome changes
Outcomes (mean, SD) Baseline 6 mo p-value
Parosmia score 3.4 ± 2.6 2.2 ± 2.4 0.049
Life Quality Statement score 21.5 ± 10.6 16.1 ± 8.8 0.006
Sincerity Statement score 4.8 ± 2.7 5.1 ± 2.7 NS
Fr-ODQ total score 29.8 ± 13.0 23.4 ± 11.3 0.013
Threshold 1.3 ± 2.2 4.8 ± 4.8 0.001
Discrimination 4.5 ± 4.4 8.1 ± 4.7 0.001
Identification 4.5 ± 4.2 7.3 ± 4.7 0.014
TDI total score 10.3 ± 10.2 20.1 ± 12.1 0.001
Abbreviation: mo = month; NS = non-sgnificant; ODQ = olfactory 
disorder questionnaire; TDI = threshold, discrimination, identifica-
tion; SD = standard deviation
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stimulate the angiogenesis, the cell proliferation, and tissue 
component synthesis. Naturally, this hypothesis needs to 
be investigated in future biological studies comparing the 
PRP content of patients who recovered versus those without 
smell improvement. According to the virus-related differ-
ences in the neuroepithelium pathophysiological and histo-
logical changes, the effectiveness of PRP could vary from 
one virus-induced LPOD to another. This hypothesis can 
explain the better response of anosmic patients to PRP in 
this study compared to COVID-19 studies [2, 3].

This study is the first investigation of PRP effectiveness 
in LPOD patients, which is its primary strength. The use 
of both patient-reported outcome questionnaire and psycho-
physical tests is an additional strength. The small number of 
patients and the lack of control group are the primary limita-
tions. The potential influence of olfactory re-training on the 
evolution of olfactory outcomes could be evaluated through 
a control group that included patients underwent olfactory 
re-training only. The lack of a control group is the primary 
limitation, even though 67.4% of patients had adhered to 
one, several, or continuous olfactory training protocols in 
the past few years without reporting substantial improve-
ment. However, this case-series may be considered as a first 
step prior to conducting controlled study or a potential pla-
cebo-controlled randomized trial for this unexpected indica-
tion (LPOD). Another potential bias is the variability in the 
technique of injection across patients. It remains difficult to 
inject some patients with nasal deviation. With the experi-
ence, the practitioner can bend the needle and turn the 30° 
optic to see the olfactory cleft posteriorly to a minor nasal 
deviation. In case of major nasal deviation, some patients 
did receive one injection. These variation in the injection 
can influence the study outcomes and it is important to keep 
as standardized as possible in the injection procedure in 
future studies. Finally, we did not perform several injections 
in the present study, which should be a future way of inves-
tigation as re-injection protocols appear to be more effective 
in hair restoration or chronic muscle-tendon injuries com-
pared to a single injecton [13, 14].

Conclusion

The injection of platelet-rich plasma into the olfactory clefts 
of patients with a long-term postviral OD history may be 
an effective procedure associated with significant improve-
ments of ODQ and TDI. Future controlled randomized trials 
are needed to support the findings of the present study.
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might locally favor the recovery processes, which are altered 
for a long-time by long-lasting chronic inflammation. Based 
on current PRP knowledge in other indications, our findings 
could suggest that the injected PRP pockets into the neu-
roepithelium may progressively release anti-inflammatory 
and pro-regenerative factors, which upregulate some factors 
in olfactory cells, including growth and transforming fac-
tors, epidermal growth factor, and insulin-like growth factor 
[3, 13, 14]. The content of PRP and the role of molecule are 
summarized in Table 4 [15]. Thus, the mechanism of induc-
tion of regenerative process of the neuroepithelium could be 
related to the activities of growth factors (e.g., EGF, VEGF, 
Transforming growth factor β, Platelet-derived growth fac-
tor, Fibroblast growth factor, Insulin-like growth factor) 
and cytokines (e.g., CCL and CXCL families), which will 

Table 4  Platelet-rich plasma content
Content Roles
Growth factors
Epidermal growth 
factor

Cell proliferation stimulation, epithelial cell 
differentiation, cytokine secretion promotion

Vascular endothe-
lium growth factor

Angiogenesis stimulation, endothelial cell 
mitosis and migration, permeability vessel 
increase,
immune cell chemotaxis

Transforming 
growth factor β

Collagen synthesis immune cell chemotaxis, 
angiogenesis stimulation

Platelet-derived 
growth factor

Fibroblast chemotaxis, cell proliferation, col-
lagen synthesis, macrophage activation

Fibroblast growth 
factor

Stimulation of mesenchymal cell proliferation, 
growth, and differentiation

Insulin-like growth 
factor

Promotion of cell growth and differentiation, 
collagen synthesis stimulation

Cytokines/chemokines
CCL-2 (MCP-1) Monocyte and dendritic cell attraction in 

inflammatory sites
CCL-3 (MIP-1α) Macrophage and dendritic cell attraction in 

inflammatory sites
CCL-5 (RANTES) T cell and monocytes attraction in inflamma-

tory sites
CCL-7 (MCP-3) T cell, dendritic cell, monocytes recruitment in 

inflammatory sites for tissue healing
CXCL-1 (GRO-α) Neutrophil recruitment in inflammatory site for 

tissue healing
CXCL-2 (MIP-2) Neutrophil recruitment in inflammatory site for 

tissue healing
CXCL-4 (PF4) Coagulation regulation and modulation of 

leucocyte activity in healing process
CXCL-5 
(ENA-78)

Neutrophil recruitment in inflammatory site for 
tissue healing

CXCL-6 (LIX) Neutrophil recruitment in inflammatory site for 
tissue healing and defense against infection

CXCL-8 (IL-8) Migration and activation of neutrophils in tis-
sue healing

CXCL-12 
(SDF-1α)

Vascular stem cell activation for angiogenesis

The common content of platelet-rich plasma found in the literature is 
described in this table

1 3

5845



European Archives of Oto-Rhino-Laryngology (2024) 281:5841–5846

odor discrimination, and olfactory thresholds: an upgrade based 
on a group of more than 3,000 subjects. Eur Arch Otorhinolaryn-
gol 264(3):237–243. https://doi.org/10.1007/s00405-006-0173-0

7.	 Oleszkiewicz A, Schriever VA, Croy I, Hähner A, Hummel 
T (2019) Updated Sniffin’ sticks normative data based on an 
extended sample of 9139 subjects. Eur Arch Otorhinolaryngol 
276(3):719–728. https://doi.org/10.1007/s00405-018-5248-1

8.	 Lechien JR, Vaira LA, Le Bon SD, Geerts R, Boscolo-Rizzo P, 
Saussez S (2022) Validity and reliability of a French Version of 
the olfactory disorders Questionnaire. J Otolaryngol Head Neck 
Surg 51(1):36. https://doi.org/10.1186/s40463-022-00598-2

9.	 Mattos JL, Schlosser RJ, Mace JC, Smith TL, Soler ZM (2018) 
Establishing the minimal clinically important difference for the 
questionnaire of olfactory disorders. Int Forum Allergy Rhinol 
8(9):1041–1046. https://doi.org/10.1002/alr.22135

10.	 de Melo GD, Lazarini F, Levallois S, Hautefort C, Michel V, 
Larrous F, Verillaud B, Aparicio C, Wagner S, Gheusi G, Ker-
goat L, Kornobis E, Donati F, Cokelaer T, Hervochon R, Madec 
Y, Roze E, Salmon D, Bourhy H, Lecuit M, Lledo PM (2021) 
COVID-19-related anosmia is associated with viral persistence 
and inflammation in human olfactory epithelium and brain infec-
tion in hamsters. Sci Transl Med 13(596):eabf8396. https://doi.
org/10.1126/scitranslmed.abf8396

11.	 Klemens JJ, Thompson K, Langerman A, Naclerio RM (2006) 
Persistent inflammation and hyperresponsive- ness following 
viral rhinosinusitis. Laryngoscope 116(7):1236–1240

12.	 Yasak AG, Yigit O, Araz Server E, Durna Dastan S, Gul M (2018) 
The effectiveness of platelet-rich plasma in an anosmia-induced 
mice model. Laryngoscope 128(5):E157–E162. https://doi.
org/10.1002/lary.27029

13.	 Levin M, Spiegel JHD (2023) Platelet-rich plasma have a thera-
peutic role in hair restoration? Laryngoscope 133(4):719–721. 
https://doi.org/10.1002/lary.30564

14.	 Desouza C, Dubey R, Shetty V (2023) Platelet-rich plasma in 
chronic Achilles tendinopathy. Eur J Orthop Surg Traumatol 
33(8):3255–3265. https://doi.org/10.1007/s00590-023-03570-6

15.	 Pavlovic V, Ciric M, Jovanovic V, Stojanovic P (2016) Plate-
let Rich plasma: a short overview of certain bioactive compo-
nents. Open Med (Wars) 11(1):242–247. https://doi.org/10.1515/
med-2016-0048

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

ability for the work; final approval of the version to be published; 
agreement to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved. Sven Saussez: de-
sign, acquisition of data, data analysis & interpretation, drafting, final 
approval, and accountability for the work; final approval of the version 
to be published; agreement to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved.

Funding  This comment has not received any support from funding 
agencies.

Declarations

Ethical approval  The Local IRB approved the study and patients con-
sented to participate.

Informed consent  Patients consented to participate.

Conflict of interest  The author had no conflict of interest.

References

1.	 Yan CH, Mundy DC, Patel ZM (2020) The use of platelet-rich 
plasma in treatment of olfactory dysfunction: a pilot study. 
Laryngoscope Investig Otolaryngol 5(2):187–193. https://doi.
org/10.1002/lio2.357

2.	 Yan CH, Jang SS, Lin HC, Ma Y, Khanwalker AR, Thai A, Patel 
ZM (2022) Use of platelet-rich plasma for COVID-19 related 
olfactory loss, a randomized controlled trial. Int Forum Allergy 
Rhinol. https://doi.org/10.1002/alr.23116

3.	 Lechien JR, Saussez S, Vaira LA, De Riu G, Boscolo-Rizzo P, 
Tirelli G, Michel J, Radulesco T (2024) Effectiveness of platelet-
rich plasma for COVID-19-Related olfactory dysfunction: a con-
trolled study. Otolaryngol Head Neck Surg 170(1):84–91. https://
doi.org/10.1002/ohn.460

4.	 Tian J, Pinto JM, Cui X et al (2016) Sendai virus induces per-
sistent olfactory dysfunction in a murine model of PVOD via 
effects on apoptosis, cell proliferation, and response to Odor-
ants. PLoS ONE 11:e0159033. https://doi.org/10.1371/journal.
pone.0159033

5.	 Mori I, Komatsu T, Takeuchi K, Nakakuki K, Sudo M, Kimura Y 
(1995) Parainfluenza virus type 1 infects olfactory neurons and 
establishes long-term persistence in the nerve tissue. J Gen Virol 
76(Pt 5):1251–1254

6.	 Hummel T, Kobal G, Gudziol H, Mackay-Sim A (2007) Normative 
data for the Sniffin’ sticks including tests of odor identification, 

1 3

5846

https://doi.org/10.1007/s00405-006-0173-0
https://doi.org/10.1007/s00405-018-5248-1
https://doi.org/10.1186/s40463-022-00598-2
https://doi.org/10.1002/alr.22135
https://doi.org/10.1126/scitranslmed.abf8396
https://doi.org/10.1126/scitranslmed.abf8396
https://doi.org/10.1002/lary.27029
https://doi.org/10.1002/lary.27029
https://doi.org/10.1002/lary.30564
https://doi.org/10.1007/s00590-023-03570-6
https://doi.org/10.1515/med-2016-0048
https://doi.org/10.1515/med-2016-0048
https://doi.org/10.1002/lio2.357
https://doi.org/10.1002/lio2.357
https://doi.org/10.1002/alr.23116
https://doi.org/10.1002/ohn.460
https://doi.org/10.1002/ohn.460
https://doi.org/10.1371/journal.pone.0159033
https://doi.org/10.1371/journal.pone.0159033

	﻿Effectiveness of platelet-rich plasma in long-lasting post-viral olfactory dysfunction: a case-series
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Platelet-rich plasma injection
	﻿Demographic, clinical and olfactory outcomes


	﻿Statistical analyses
	﻿Results
	﻿Setting and patients
	﻿Post-injection outcomes


	﻿Discussion
	﻿Conclusion
	﻿References


