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Mast cell activation may contribute to adverse health transitions in COVID-19
patients with frailty
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ABSTRACT

A prominent aspect of the post-coronavirus disease-2019 (post-COVID-19) era is long-COVID. Therefore, precise patient
classification and exploration of the corresponding factors affecting long-COVID are crucial for tailored treatment
strategies. Frailty is a common age-related clinical syndrome characterized by deteriorated physiological functions of
multiple organ systems, which increases susceptibility to stressors. Herein, we performed an inclusion and exclusion
analysis (definite COVID-19 infection diagnosis, clear underlying disease information, >60 years old, and repeated
sampling of clinical cases) of 10,613 blood samples and identified frailty cases for further investigation. RNA-Seq data
were used for differential gene expression and functional and pathway analyses. The results revealed that patients
with frailty were more prone to poor health conversions and more sequelae, and the blood transcriptome had
obvious disturbances in pathways associated with immune regulation, metabolism, and stress response. These
adverse health transitions were significantly associated with mast cell activation. Additionally, NCAPG, MCM10, and
CDC25C were identified as hub genes in the peripheral blood differential gene cluster, which could be used as
diagnostic markers of poor health conversion. Our results indicate that healthcare measures should be prioritized to
mitigate adverse health outcomes in this vulnerable patient group, COVID-19 patients with frailty, in post-COVID era.
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Dear Editor:

Long-COVID, also known as long-hauler syndrome,
post-acute sequelae of COVID-19 (PASC), or post-
COVID-19 condition, is a general term used to
describe a complex array of multisystem symptoms
that continue after an acute COVID-19 infection,
regardless of whether the individual was symptomatic
or asymptomatic during infection [1]. These sequela
include but are not limited to fatigue, dyspnea, brain
fog, body aches, and problems with smell and taste.
Long-COVID can persist for years, as its related con-
dition, severe acute respiratory syndrome (SARS),
even has caused sequela that last 10 years [2].
COVID-19 has only been around for three years, so
its long-term outcomes and corresponding driving
factors remain unclear. The high number of
COVID-19 cases and the unidentified risks of long-
COVID place significant pressure on healthcare sys-
tems globally [3]. Long-COVID has no precise
definition, but it is considered a highly heterogeneous
condition. Therefore, classifying patients and explor-
ing the corresponding factors causing healthy

transitions is crucial for precise treatment; however,
few studies have voiced this aspect [4].

Age is highly associated with long-COVID. Frailty
is a core of geriatric medicine and is a common age-
related clinical syndrome characterized by deterio-
rated physiological functions of multiple organ sys-
tems, which increases susceptibility to stressors. The
frail population is not only a key risk group for
COVID-19 deaths [5] but is also recommended as a
crucial reference basis for elderly people infected
with COVID-19 to obtain priority medical resources
[6]. Additionally, approximately 40% of severe
patients present poor health transitions 3-6 months
after their discharge [7]. Epidemiological study has
shown that the poor health transition process in
older people accelerates during the COVID-19 pan-
demic [8]. However, no studies reported the effects
of frailty on poor health transitions of patients with
COVID-19 from cellular and molecular aspects.
Hence, the current study aims to address these
research gaps. An inclusion and exclusion analysis
(definite COVID-19 infection diagnosis, clear
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underlying disease information, > 60 years old, and
repeated sampling of clinical cases) on 10,613 clinical
samples from Mount Sinai COVID-19 Biobank (Pro-
ject synID: syn35874390) [4] was performed (Figure
1A). Given that, there is a strong coupling between
frailty and comorbidities, which can be seen directly
from the Rockwood Frailty Index method used in
clinical assessment of frailty. Here, we focused on
frailty cases. The frailty index method was used to
select frailty samples, with patients over 60 years old
and a comorbidity count of >3 as the critical par-
ameter for frailty characterization (Tables S1 and
S2). The health transition results were classified as
“worse,” “same,” and “better.” RNA-Seq data for the
corresponding patients were obtained (GSE215865,
whole blood transcriptome at 0-2 days of onset),
and an R-language package was used for standardized
processing. Differential gene analysis (Deseq2, log2 >
0.58, P < 0.05), GO analysis, KEGG analysis, and figure
generation were conducted using SANGERBOX
(http://vip.sangerbox.com/). The online tool STRING
(https://cn.string-db.org/) was used for protein-
protein interaction (PPI) analysis, while Cytoscape
was used for PPI mapping and hub gene analysis.
Finally, CIBERSORTx (https://cibersortx.stanford.
edu/) was used for immune cell composition analysis,
and GraphPad Prism 7.0 for conventional mapping.

We obtained 113 unique patients over the age of 60
years from the Mount Sinai COVID-19 Biobank
(MSCB) database, consisting of 75 non-frail and 38
frail individuals. We obtained a total of 82 ideal target
samples for gene function and signalling pathway
analysis after filtering RNA-seq data (Figure 1A). We
observed that almost 45% of individuals in frailty
group demonstrated an unfavourable health status
“worse” one month after infection, while approxi-
mately 39% of those in non-frailty group exhibited
such a status (Figure 1B). No significant difference
in comorbidities was found between the two sub-
groups (Figure S1), which just rules out the possible
effects of pre-infection comorbidity on COVID seque-
lae. The “worse” subgroup had a significantly higher
number of long-COVID sequela than the “same” sub-
group in both the frailty and non-frailty groups, with
the frailty group having a significantly higher number
(Figure 1C). Only the data from the frailty group was
used for further analysis (Figure 1D-K), which
revealed a significantly higher proportion of individ-
uals in the “worse” subgroup than that in the “same”
subgroup for multiple phenotypes of long-COVID
(Figure 1D). Additionally, 477 differentially expressed
genes (DEG) were found in the transcriptome of
whole blood in the “worse” subgroup compared to
the “same” subgroup, with 294 genes up-regulated
and 183 genes down-regulated (Figure 1E).

KEGG analysis of DEGs revealed several inflamma-
tory pathways, including the AGE-RAGE signalling

pathway, Rapl signalling pathway, cytokine-cytokine
receptor interaction, and rheumatoid arthritis (Figure
1F). Notably, the AGE-RAGE interaction induced hista-
mine production in mast cells, in addition to its well-
known involvement in diabetic complications. All of
the top 20 terms, except for cell proliferation and protein
processing-related terms, were significantly related to
inflammation/immunity based on GO analysis of
DEGs (Figure 1G). Notably, “metabolic pathway”
ranks first among KEGG terms, while “response to
stress” holds the top position among GO terms (Figure
1 Fand G). PPI and hub gene analysis of DEGs identified
NCAPG, MCM10, and CDC25C as key hub genes
involved in regulating cell division (Figure 1H and I).
These genes were further evaluated as potential diagnos-
tic biomarkers for adverse outcomes of long-COVID,
with active combination level showing superior perform-
ance with an area under the curve of 0.808 (Figure 1J).
Immune cell proportion analysis by CIBERSORTx
based on the gene expression matrix indicated a signifi-
cant discrepancy for “mast cell activated” when compar-
ing “worse” versus “same” (Figure 1K). Mast cell
activation syndrome (MCAS) and long-COVID share
many signs and symptoms, such as fatigue, anxiety,
and depression (Figure 1L).

Our study findings indicate that mast cell activation
may contribute to adverse health transitions in
COVID-19 patients with frailty. Specifically, the invol-
vement of hub genes in cell division, which may reflect
mast cell proliferation during inflammatory con-
ditions, may be associated with sustained cellular
inflammation and thus contribute to adverse health
outcomes in this population. This implies that the
etiology of long-COVID may not be limited to non-
proliferative simple mast cell activation, as previously
thought, but also involves both proliferative and non-
proliferative cellular processes. Hub genes can be a
diagnostic tool for identifying vulnerable patients
requiring protection against severe long-COVID and
should be evaluated further. Given the conflicting
results from previous studies on the complex relation-
ship between mast cells and COVID-19 in mixed
populations [9-14], our identification of a specific vul-
nerable population has significant clinical implications
for precise long-COVID treatment and prevention,
supporting the positive relationship of mast cell acti-
vation and long-COVID. The mechanism of famoti-
dine in alleviating long-COVID symptoms involving
antihistamine action confirms the role of mast cells
and the clinical value of classifying COVID popu-
lations [15]. Further, the terms “metabolic pathway”
and “response to stress” rank highest in functional
and pathway enrichments. This indicates that the
virus greatly disrupts cell metabolism, causing signifi-
cant stress that hinders the body’s ability to restore
normal function, potentially causing a frailty pheno-
type. These findings warrant further evaluation before
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Figure 1. Mast cell activation is associated with adverse health transitions in the COVID-19 population with frailty. A. Flowchart
depicting clinical sampling procedures. B. Proportions of poor health transition in frailty and non-frailty populations. C. Number of
Post-Acute Sequelaes of SARS-CoV-2 infection (PASC) in frailty and non-frailty group. D. Proportions of different PASC categories
using “worse” versus “same” in the frailty group. E. Differentially expressed genes in peripheral blood using “worse” versus “same”
in the frailty group. F. KEGG analysis of differentially expressed genes using “worse” versus “same” in the frailty group. G. GO analy-
sis of differentially expressed genes using “worse” versus “same” in the frailty group. H. Protein—protein interaction analysis of
differentially expressed genes using “worse” versus “same” in the frailty group. I. Identification of hub genes from differentially
expressed genes using “worse” versus “same” in the frailty group. J. ROC curves for NCAPG, MCM10, CDC25C, and their combi-
nations using“worse” versus “same” in the frailty group. K. Analysis of immune cell compositions for gene expression matrix
using “worse” versus “same” in the frailty group. L. Mast Cell Activation Syndrome (MCAS) and long-COVID exhibit significant
symptom overlap. Note: Patients subjectively assessed their health status before and after COVID-19 infection, which was divided
into three categories: “worse,” “same,” and “better.”

large-scale application. As such, healthcare measures,
specifically focusing on mast cell function, should be
prioritized for this vulnerable patient group to mini-
mize the healthcare burden of subsequent waves.

Collectively, through clinical characters and bioin-
formatics analysis, we reveal that mast cell activation
may contribute to adverse health transitions in
COVID-19 patients with frailty. Our study provides
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an obvious clue for revealing the underlying mechan-
isms of poor health transition at the molecular level of
immune cells in frail populations with COVID-19,
laying a theoretical foundation for continuing to pre-
vent COVID infection in the frail population in the
post-COVID era.
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