
Abstract: The SARS-CoV-2 virus, responsible for the COVID-19 pandemic, has resulted in

millions of deaths. Rare immune cells are minor cell types with reduced frequency, and their

function in COVID-19 patients is poorly understood. My research uses RStudio to investigate if

there are more rare immune cells in individuals with severe COVID-19 compared to healthy

individuals, and to observe what rare cell names are associated with severe COVID-19.

Single-cell RNA sequencing data was provided, and R was used to organize the data, find the

number of rare cell types, and to generate comparative figures. CellKb was used to search the

rare cell type names from the marker genes. Rare immune cell types were statistically

significantly higher in individuals with severe COVID-19 (p value = 0.01536), suggesting that

patients with severe COVID-19 have an overwhelming and unbalanced immune response. Of the

seven rare immune cell types, five of them were not matched with a name from the cell database.

The two rare cell types that were matched with names (Activated_Granulocyte_1 and 2) were

neutrophil cells, which previous research suggests may be related to respiratory failure in

COVID-19 patients. The marker genes of these rare granulocyte cells were overexpressed

compared to the major cell type, consistent with previous literature that suggests that these

marker genes could be heavily involved in the pathophysiological response to severe COVID-19.

This research suggests that marker genes of these rare cell subtypes could be used as an indicator

of whether someone with COVID-19 may develop a serious case.

Introduction: Single cell RNA sequencing (scRNA-seq) is a technique that allows quantification

of gene expression levels of an individual cell (Butler 2018). It consists of several major steps

such as isolating single cells from tissues and capturing their transcripts with the identifiers that

can be linked to each cell. Compared to the bulk RNA-seq approaches, scRNA-seq enables

assessments of transcriptomic landscapes in a single cell, which is critical to study fundamental

biological properties of cell populations at unprecedented resolution (Olsen and Bharyawo 2018).



Among various cell types/populations detected by scRNA-seq techniques, rare cell types are the

minor cell types with reduced frequency. Examples of rare cell types include invariant natural

killer T cells, cancer stem cells, and tuft cells (Jindal et.al 2018). Although the abundance of rare

cell types is low, they are essential in unlocking answers to fundamental biological questions

such as cancer expansion and COVID-19 progression. Nevertheless, the functions of rare cell

types, specifically rare immune cell types, in patients with COVID-19 remain poorly understood.

The primary question investigated in this project is if there is a correlation between the number

of rare immune cell types in an individual and COVID-19 severity. The dataset being utilized is

from the Alpha Variant, and in this project “severe” will be defined by a hospital admission.

The hypothesis is that the amount of rare cell types are higher in severe cases of COVID-19.

The null hypothesis is that there will not be a statistically significant difference between the

amount of rare immune cell types in healthy individuals and individuals with severe

COVID-19. A secondary research question is what rare cell types and their marker genes are

associated with COVID-19 severity. To answer this, a rare cell identification algorithm will be

implemented to identify rare cell types in a publicly available scRNA-seq dataset. This

algorithm will provide accurate rare cell type identification for patients with moderate and

critical disease. Comparing the rare immune cell characteristics in patients with different

severity levels and healthy controls, the changes in immune activities of COVID-19 can be

further explained and understood.

Methods: Data analysis was conducted on a Single Cell RNA-seq study with 13 cell donors (7

severe COVID-19, 6 healthy). The background of each donor, including their sex and admission

level, was organized into a table. R was then used to organize the data and determine the number



of each rare immune cell type in the donors with COVID-19 and the healthy controls The rare

immune cell labels and the marker genes for each rare cell subtype were determined by the

mentor using R and the CellSIUS Package and provided (Wegmann et.al 2019). Functions in R

were used to sort the data and determine the number of each of the seven rare immune cell types

for the healthy individuals and those with severe COVID-19.  The marker genes obtained from

this procedure will then be used to determine the cell types of the detected rare cells in the

database CellKb (Patil 2020). Statistical analysis will be conducted and p values will be found

using the Wilcox Ranked Sign Test. This test will be used because it is a nonparametric test (the

test does not assume that the distributions of populations that are samples from are Gaussian

distributions). This statistical analysis will be conducted on the number of rare cell types in

individuals with COVID-19 versus healthy individuals.

Data Analysis: The results of this project will be displayed using two different types of figures:

UMAP and Violin Plots. UMAPS are dimensional reduction plots that simplify data visualization

In this project, two comparative UMAPs will be created to analyze the correlation between

COVID-19 severity and the presence of rare immune cells. Violin Plots convey the expression

level of the rare cell subtype compared with the major cell type, and are the other form of data

visualization that will be used in this project. Both of these types of figures will be generated

using R Studio.



Results:

Table 1: Demographic Data for Cell Donor Patients and Number of Rare Cell Types



Table 2: Marker Genes and Log2Fold Change of Rare Cell Types Detected Significantly in COVID-19
Patients (p value = 0.01563)



Figure 1: UMAP Depicting Total Number of Cells from Dataset Colored Based on Admission Level



Figure 2: UMAP Depicting Cells that are Rare Immune Cell Subtypes Highlighted in Different Colors



Figure 3: Violin Plot Comparing Expression Level of Rare Subtype (with the marker gene MMP9) with

that of Major Cell Type (p value = 2.2E-16)



Figure 4: Violin Plot Comparing Expression Level of Rare Subtype (with the marker gene S100A12) with

that of Major Cell Type (p value = 2.2E-16)



Conclusion/Discussion: In this project, I hypothesized that if the immune cell types of patients

with COVID-19 and healthy individuals were compared, then patients with severe cases of

COVID-19 would have more rare immune cells. I also hypothesized that the marker genes of

these rare cell subtypes would be consistent with what literature suggests that rare cell types

associated with COVID-19 are.

The data supported my hypothesis for both research questions. As shown in Table 2 and by the

Wilcox Ranked Sign Test, individuals with COVID-19 had a significantly higher number of rare

cell types than healthy individuals (p value= 0.01563). One notable example of this is the rare

cell type “activated_granulocyte_2,” in which the combined total number of cells present in the

six individuals with COVID-19 was 40, whereas the total number of rare cells for all of the

healthy individuals combined was zero. This can also be observed in Figures 1 and 2. Both of

these figures show the distributions of the rare cell types in the COVID-19 patients based on

admission, specifically how a majority of the rare cell subtypes are associated with COVID-19

patients in the ICU. This supports the hypothesis that the immune system may generate more rare

immune cell types to try and kill the SARS-CoV-2 virus in severe cases.  Table 2 depicts the rare

cell types detected in the individuals, the log2-fold-change, and the marker genes of the rare cell

subtypes. Marker genes are significant as they are genes that are only expressed in rare subtypes,

and can therefore be used to identify and differentiate the rare subtype from the major cell type.

The positive log2-fold-change values show how the genes can be upregulated in COVID-19

patients. The change in expression level of two of the marker genes, MMP9 and S100A12, for

the activated granulocyte 2 cell type is displayed in Figures 3 and 4. Figure 3 shows how the

activated granulocyte major cell type experiences normal expression levels (at around 0),

whereas the rare subtype (indicated by the marker gene MMP9) is overexpressed compared to



the activated granulocyte major cell type, with an expression in between a log2-fold-change of 2

and 3. This is consistent with previous literature, which suggests that an early increase in the

expression of MMP9 correlates to COVID-19 patients with respiratory failure (Ueland et. al

2020). It is also hypothesized that in healthy individuals, a balanced immune response may result

in elimination of the virus. However, it is hypothesized that ICU patients have an overwhelming

immune response to the virus, which can be partially reflected by the marked increase in rare cell

activities.  Figure 4 shows another marker gene, S100A12, for the same activated granulocyte

major cell type. This marker gene is also overexpressed, with a normalized expression between 2

and 3, compared to the major cell type which has a normalized expression at around zero.

Previous literature also indicates that S100A12 expression was elevated in COVID-19 patients

with severe disease, and that the expression of this marker gene could be heavily involved in the

host’s response to COVID-19 (Lei 2021). This activated granulocyte cell is a type of neutrophil

cell, which is the most abundant immune cell and may serve a role in the pathophysiology of

severe COVID-19 cases (Reusch et. al 2021). Literature also suggests that excessive neutrophil

cells may contribute to cytokine release and respiratory failure in COVID-19, however this

mechanism is not fully understood (Wang et.al).

There are limitations of this project; the major one being that the conclusion formed in this

project needs to be affirmed with actual laboratory results. This project was computational and

analytical in nature, and therefore the conclusions serve more as a hypothesis than an explanation

as to the association between COVID-19 severity and rare immune cells. Another significant

limitation was that upon searching rare cell types using the marker genes, the cell database

returned results of “unknown” for four of the six rare cell subtypes. This means that the second

hypothesis could only partially be supported, as only the name of two rare cell subtypes was

determined and able to be supported by literature.



The application of this research is that these marker genes could be used as an indicator of

whether or not someone with COVID-19 may develop a serious case. Further research in this

project could include running tests in a lab to confirm the correlation between the marker genes

and COVID-19 severity, observing if this trend with rare cell sub-types and COVID-19 severity

is present with other variants (such as Omicron), and expanding the study to include comparing

the number of rare immune cell types to individuals with COVID-19 who fully recover, healthy

patients, and those in the ICU.
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