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Abstract 
The long-term effects of Covid-19 are still 

heavily understudied. Covid often leaves a long-lasting 
effect on the olfactory epithelium, inducing a woeful 
symptom known as parosmia. Parosmia is essentially 
a distortion of smell and taste. Previously pleasant 
tastes and smells become unrecognizably foul to 
victims of parosmia. Among the long term Covid 
symptoms, parosmia is the most common. Covid 
induced parosmia is most prevalent in young adults. 
Women also are more likely to experience covid 
induced parosmia than men. Even though there is a 
surplus of parosmia victims, research on the covid 
induced symptom is extremely underperformed. This 
is undoubtable partially due to the high degree of 
difficulty involved in research that involves olfactory 
and neurological systems. My goal is to make this 
process easier and encourage more meaningful 
research on parosmia. 

This research serves as a preface for 
parosmia experimentation and other procedures 
dealing with olfactory epithelia. Current research 
concludes that the parosmia mechanism involves 
neuroinflammation and the distortion of gray matter 
(Distadio et al. Parker et al.  Lafreniere.) This research 
essentially starts to help the scientific community 
understand this neuroinflammation and gain new 
useful understandings of the understudied 
mechanisms. If achieved, this type of understanding 
would allow the scientific community to use the 
zebrafish’s olfactory system as a controllable system. 
This controllable system could be used as an 
experimental model for learning more about parosmia 
and other types of olfactory related mechanisms in 
humans. The methods used involve staining, 
immunohistology and polymerase chain reaction. The 
methods described here are simply peripheral 
experiments intended to provide general yet essential 
information. This includes quantifying and locating 
important cells and genes and also comparing results 
to human models. Ultimately, this research will aid in 
the creation of an easily accessible in-vivo parosmia 
model due to the fact zebrafish are rather inexpensive 
testing subjects and they express a higher rate of 
regeneration than most other similar organisms. This 
means that experiments can be completed and 
observed at a faster rate. 
Ways to Analyze Zebrafish Olfactory Tissues 
Immunology 

This involves the use of an antibody that is 
created specifically for the desired ligand or receptor. 

The antibody then can only bind to the desired protein. 
The antibodies used also include a fluorescent factor 
in attempt to make quantifying the desired ligand or 
receptor easier.  
Cell staining 

Cell staining procedures are fairly straight 
forward. Different cells can be stained differently due 
to unique attributes such as a thick cell wall. 
Polymerase chain reactions 

PCR or Polymerase chain reactions is 
essentially the process of exponentially replicating 
strands of DNA in order to locate DNA mRNA or RNA 
  
Aspects of Olfactory Tiisue to be Analyzed 
ACE2 

ACE2 helps regulate blood flow in the renin 
angiotensin system along with blood pressure and 
heart function. It also is Covid-19’s primary binding 
site. A Covid infect has been reported to cause 
neuroinflammation. This neuroinflammation is the 
common factor in this line of research because not only 
does ACE2 play a large role in regulating inflammation 
in the body but parosmia is presumably induced by 
neuroinflammation. ACE2 is also relatively abundant 
on neural tissues. 

 
dACE 

dACE is a gene that is activated through INF 
signaling and the JAK/STAT pathway. It controls the 
amount of ACE2 upregulation depending on the tissue 
and how it is activated (Jankowski et al.).  

Both ACE2 and dACE2 are to be quantified in 
our zebrafish model using PCR.  

 
Cysteinyl Leukotriene Signaling 

Similar to the renin angiotensin system, the 
cysteinyl leukotriene system helps regulate 
bronchoconstriction, vascular permeability, eosinophil 
recruitment, and chronic inflammation. It is a G-protein 
mediated system. Research suggests that cysteinyl 
leukotriene signaling also plays a role in the 
regeneration and the remodeling of airways.  
Leukotriene C4 (LTC4) is a CysLT1 ligand that 
enhances CysLT1 without causing an inflammatory 
response when injected into the ventricle of the 
zebrafish brain without lesion.  Neuronal tissues often 
lack enzymes to produce LTC4. Cells such as these 
relies on surrounding Neutrophils to catalyze the 
reaction. Therefore, within our zebrafish model it is 
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important to quantify and locate the ligand LTC4 and 
neutrophils with the use of florescent antibodies. 

 

 
Figure 1: A visual diagram of cysteinyl leukotriene signaling 

(Thompson-Souza GA) 
 

Wrapped and Unwrapped Olfactory Receptor Neurons 
 

The olfactory receptor neurons are often 
wrapped by olfactory sustentacular cells. The 
wrapping is hypothesized to have a myelin-like effect 
on the olfactory receptor neurons. This ties in with 
Covid induce parosmia because it has been reported 
that Covid-19 targets the cells that support the 
olfactory nerves such as the sustentacular that often 
wrap the olfactory neurons.   

Wrapped and unwrapped can be quantified 
using Tuj1 immunoreactivity. Correlation of Tuj1 
immunoreactivity intensities with wrapping status of 
ORN dendrites revealed that essentially all enwrapped 
dendrites have weak Tuj1 immunoreactivity. Strong 
Tuj1-immunoreactive ORN dendrites are mostly 
located at the inter-sustentacular cell borderlines, and 
thus belong to the unwrapped subtype. A small 
number of the partially wrapped dendrites also exhibit 
high Tuj1 immunoreactivity (Liang). 

 
Future Work 

This research should be a foundation to build 
on. With an idea of some of the cells within the 
zebrafish olfactory, the next steps should be to test the 
function of each individual biomolecule in the 

zebrafishes’ olfactory epithelium. To do this one must 
knock out or render a cell or system nonfunctional the 
analyze what behavioral or regenerative properties 
become impaired. 
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