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Abstract 
Introduction: DNA methylation might influence the expression of genes that regulate coronavirus disease 2019 (COVID-19) progression. This 
work explored the significance of DNA methylation of 7 genes (TAC1, CDO1, HOXA9, ZFP42, SOX17, RASSF1A, and SHOX2) in blood 
circulating free DNA (cfDNA) in differentiating COVID-19 infections and recoveries. The correlation with changes in the proportion of 
immune cell populations in the recovery period was analyzed.  
Methodology: 18 COVID-19-infected, 65 COVID-19-recovered, and 11 uninfected individuals were included. DNA methylation expression 
was determined by quantitative multiplex methylation-specific PCR (qMSP). The immune function of the recovered group versus uninfected 
group was evaluated by full-spectrum flow cytometry. 
Results: The infected population showed a higher methylation positivity rate for 7 genes compared to the uninfected/recovered population. A 
model was constructed to distinguish the infected patients from uninfected/recovered individuals using the methylation status of 7 genes, with 
a sensitivity, specificity and area under curve (AUC) of 0.889, 0.842 and 0.931, respectively. The results of flow cytometry revealed that CD8+ 
T cells and CD38+ CD8+ T cells were significantly upregulated in recovered individuals compared to those in uninfected individuals. DNA 
methylation was correlated with immune cell changes, with a significant increase in the percentage of T cells, PD-1+ function CD4+ T cells, 
TCRγδ+ cells, and CD38+ NKT cells upon an increase in 7 gene methylation positivity.  
Conclusions: This work revealed the significance of 7 gene methylation in the diagnosis of COVID-19 recovery, and demonstrated that these 
genes were significant in evaluating the immune function during the recovery period. 
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Introduction 

The severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) emerged in Wuhan China at the end 
of 2019, and triggered a rare outbreak of viral 
pneumonia [1,2]. This novel coronavirus disease, also 
known as coronavirus disease 2019 (COVID-19), was 
highly contagious and spread rapidly around the world 
[3,4]. According to the World Health Organization 
(WHO), as of November 2023, there were more than 
772 million confirmed cases of COVID-19, and the 
pandemic claimed nearly 7 million lives [5]. 

SARS-CoV-2 detection technologies mainly target 
either specific viral nucleic acids (molecular testing), 
proteins (antigen testing), or anti-SARS-CoV-2 
antibodies (serological testing) [6]. Real-time reverse 
transcription polymerase chain reaction (RT-PCR) is 
the most common method, relying on detecting the 
presence of specific viral RNA. However, viral 
mutations can potentially lead to unpredictable test 
performances and false-negatives [7]. Additionally, 

antigen testing is also commonly used to detect SARS-
CoV-2, yet its sensitivity lags behind molecular testing 
[8]. Notably, the success rate of these tests depends 
largely on factors such as viral load. Specifically, these 
tests can reliably detect SARS-CoV-2 in the clinical 
specimens with high viral load (i.e., typically from 1–
3 days before, to 5–7 days after symptom onset), 
whereas the likelihood of SARS-CoV-2 detection 
declines in the samples with a low viral load [9]. Thus, 
these methods may have limited ability to distinguish 
patients with low SARS-CoV-2 load and those without 
it (uninfected healthy individuals and recovered 
patients). 

Interestingly, accumulating evidence suggests that 
epigenetics can reveal the underlying biology and can 
improve early diagnosis and precision medicine in 
infectious diseases [10,11]. Specifically, epigenetics is 
the science of gene expression without nucleotide 
sequence alteration [12]. Notably, the epigenetic 
modifications have been found in SARS-CoV-2 and 
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other viral infections [13,14], and, these mechanisms 
appear to be an important component of COVID-19 
pathophysiology and disease severity [13,15]. 
Importantly, many processes affect epigenetic 
expression, including gene ubiquitination, histone 
acetylation, and especially DNA methylation [16]. 
DNA methylation is the earliest recognized, as well as 
the most deeply studied and the most important 
epigenetic modification mode in mammals [17]. It 
selectively promotes or silences the expression of 
certain genes, leading to phenotypic changes [17]. 
Recent studies have discovered that DNA methylation 
in COVID-19 can elucidate pathogenic mechanisms, 
modulate disease progression, predict clinical 
outcomes, and identify potential therapeutic targets 
[18,19]. For example, Zhou et al. suggested that DNA 
methylation might influence the expression of genes 
that regulate COVID-19 progression [24]. Arnold et al. 
discovered that differences in methylation patterns may 
distinguish asymptomatic from symptomatic infection 
[26]. Balnis et al. revealed that the prevalent hyper-
methylated status in blood samples was associated with 
worse outcomes in COVID-19-positive patients [23]. 
Notably, previous studies have indicated that the 
methylations of TAC1, CDO1, HOXA9, ZFP42, 
SOX17, RASSF1A, and SHOX2 serve as excellent 
molecular diagnostic and prognostic biomarkers in 
multiple diseases, especially cancers [20,21]. For 
example, the detection of RASSF1A and SHOX2 
methylation has higher sensitivity and specificity than 
other commonly used methods for diagnosing lung 
cancer, especially in the early stage [22]. It was 
speculated that the methylations of these genes may 
have the potential as biomarkers for distinguishing 
SARS-CoV-2 infection status. However, to date, there 
is no clear report on the clinical utility of DNA 
methylation of these genes in blood for detecting the 
COVID-19 infection status. 

In addition, increasing evidence suggests that the 
immune system is intimately involved in the process of 
COVID-19 infection [23]. One of the main 
pathogenetic mechanisms responsible for COVID-19 
attack is the potent suppression of innate immunity 
[24]. For example, after infection, activated B, CD4+ T, 
and CD8+ T lymphocytes respond to viral entry and 
then generate protective immunity [25]. During the 
inflammatory response, the amounts of NK and T 
lymphocytes decrease, whereas proinflammatory 
cytokine levels, as well as the amounts of T cell 
activation and exhaustion are increased following 
COVID-19 infection [26]. A study has shown that 
alterations in lymphocyte subsets correlate with 

markers of COVID-19 severity. The researchers 
observed an increase in certain lymphocytes as the 
disease progressed, leading to decreased levels of C-
reactive protein, while potentially affecting COVID-19 
recovery and immune response homeostasis [27]. 
Importantly, it has been recently revealed that DNA 
methylation plays an important role in the regulation of 
immune system in COVID-19 infections [28,29]. 

In this study, the performance of DNA methylation 
of 7 genes, including TAC1, CDO1, HOXA9, ZFP42, 
SOX17, RASSF1A, and SHOX2, was investigated in 
distinguishing COVID-19-infected versus recovered 
and uninfected populations, to reveal the relationship 
between immune cell subpopulations and the DNA 
methylation that occurs during the recovery phase of 
COVID-19. 

 
Methodology 
Sample collection 

Blood samples from 94 individuals were collected 
from July 2022 to December 2022 for inclusion in this 
study. The inclusion criteria are as follows: a) age ≥ 18 
years; b) undergoing SARS-CoV-2 nucleic acid testing 
by RT-PCR; c) not suffering from immunological 
diseases or receiving immunosuppressive medications. 
Among the study participants, 11 were not infected with 
COVID-19 (defined as those who tested persistently 
negative for SARS-CoV-2 by RT-PCR before and after 
enrollment), 65 individuals had recovered from 
COVID-19 infection within 30 days (defined as those 
who tested positive for SARS-CoV-2 by RT-PCR for 
no more than 30 days, and subsequently converted to 
negative prior to enrollment), and 18 individuals were 
in the COVID-19 infection stage (defined as those who 
tested persistently positive for SARS-CoV-2 by RT-
PCR before and after enrollment).  

The research was conducted in accordance with the 
ethical standards set out in the Declaration of Helsinki. 
This study was approved by the Ethical Committee of 
Zhongshan Hospital Affiliated to Fudan University 
(No. B2021-715). All participants provided their 
informed consent to participate. 

 
DNA isolation and quantitative multiplex methylation-
specific PCR (qMSP) 

The cfDNA was obtained from blood samples using 
the Plasma Free DNA Extraction Kit (Yuanqi 
Biomedical, Shanghai, China) according to the 
manufacturer's instructions. The methylation positive 
levels of the 7 genes were characterized using a DNA 
methylation kit (Yuanqi Biomedical, Shanghai, China). 
Briefly, 10 μL of DNA was bisulfite-converted using a 
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bisulfite solution according to the manufacturer's 
instructions. Subsequently, 2 μL of pre-amplified 
primer mix and 13 μL of PCR master mix from the 
above kit were mixed with 10 μL of bisulfite-converted 
DNA to perform the pre-amplification procedure. Next, 
160 μL of water was added to the pre-amplified product 
for dilution, and 5 μL of it was mixed with 7 μL of 
fluorescently labeled PCR Mix (from the kit) and 13 μL 
of PCR master mix. The DNA methylation of TAC1, 
CDO1, HOXA9, ZFP42, SOX17, RASSF1A, and 
SHOX2 genes was detected by real-time PCR with β-
actin (ACTB) as an internal reference. Samples with Ct 
> 35 for ACTB were considered as poor-quality samples 
and were not included. Based on Ct < 35 for ACTB, the 
gene was defined as methylated when the Ct value was 
< 45. The Ct value was defined as 50 for the negative 
methylated genes in samples, as the number of cycles 
of the PCR assay was set as 50. 

 
Full spectrum flow cytometry 

The immunophenotypic analysis for lymphocytes 
in peripheral blood samples was performed using full-
spectral flow cytometry. The mixed brilliant violet 
antibodies and brilliant staining buffer (Becton-
Dickinson and Company, New York, USA) were added 
to peripheral blood samples and incubated in dark at 
room temperature for 15 minutes. Subsequently, the 
samples were diluted with buffer and centrifuged at 600 
g for 10 minutes to remove the supernatant. The 
precipitates were washed by centrifugation with 
fixation/permeability buffer (Thermo Fisher Scientific, 
Massachusetts, USA). Thereafter, they were incubated 
with cytoplasmic antibodies for 30 minutes in the dark. 
Finally, the samples were washed with phosphate 
buffer, centrifuged to remove the supernatant, and the 
processed samples were analyzed using a full spectrum 
flow cytometer (Shanghai Xiatai Biotechnology Co. 
Ltd., Shanghai, China). The data analysis was 
performed using FlowJo™ v10.7 software (Becton-
Dickinson and Company, New York, USA). 

 
Statistical analysis 

Differences in methylation levels were assessed 
using Chi-square tests or Fisher's exact tests. The model 
was visualized using receiver operating characteristic 

(ROC) curves and assessed by the area under the curve 
(AUC). The methylation statuses of the 7 genes were 
included in a multivariate predictive logistic regression 
analysis model, which was performed by R open-source 
software version 4.0.2. ROC analysis was performed by 
the pROC package. Other statistical analyses were 
performed in IBM SPSS Statistics v24.0 software (IBM 
Corporation, New York, USA). The reported p values 
were 2-sided. p < 0.05 was considered to be 
significantly different.  

 
Results 
Individual characteristics 

A total of 94 individuals were included in this study, 
including 40 males and 54 females, with a median age 
of 33 (range from 21 to 66) years. According to the 
infection status, 18 individuals were in the stage of 
COVID-19 infection (infected group), 65 individuals 
had recovered within 30 days after infection with 
COVID-19 (recovered group), and 11 individuals had 
not been infected with COVID-19 at the time of this 
study (uninfected group). The ratio of male to female in 
the infected group, recovered group and uninfected 
group was 1:0.8 (10/8), 1:1.8 (23/42), and 1:0.6 (7/4), 
respectively (p = 0.945). In addition, there was no 
significant difference in the age distribution of the three 
groups (p = 0.920; Table 1). 

 
Significance of DNA methylation in the diagnosis of 
COVID-19 infection 

In order to investigate the correlation between DNA 
methylation levels and COVID-19 infection, the study 
detected the rates of positive methylation of 7 genes in 
the 3 groups of individuals: infected, recovered, and 
uninfected, as mentioned above. The results showed 
that the median number of positively methylated genes 
in infected, recovered and uninfected groups were 4, 0, 
and 0, respectively. In addition, the positive rate of 
DNA methylation in infected patients was significantly 
higher than that in the recovered and uninfected groups 
(infected vs. recovered, p < 0.001; infected vs. 
uninfected, p < 0.001), but there was no significant 
difference in the positive rate of DNA methylation 
between the recovered and uninfected groups 
(recovered vs. uninfected, p = 0.738) (Figure 1A).  

Table 1. Characteristics of the infected, recovered, and uninfected groups. 
Characteristic Infected 

(n = 18) 
Recovered 

(n = 65) 
Uninfected 

(n = 11) p value 

Gender (n, %)    0.9450 
Male 10 (55.6) 23 (35.4) 7 (63.6)  
Female 8 (44.4) 42 (64.6) 4 (36.4)  
Age (median, range) in years 32 (21–55) 33 (21–66) 33 (22–57) 0.9199 
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  Figure 1. Overview of DNA methylation and evaluation of diagnostic pneumonia recovery models. 

A: Number of DNA methylations in the different individuals, ***p < 0.001; B: The seven gene methylation rates in the infected individuals, recovered 
individuals, and uninfected individuals; receiver operating characteristic (ROC) curves reveal the sensitivity, specificity, and area under curve (AUC) of the 
7 gene methylation statuses distinguishing C: infected from uninfected individuals, D: infected from recovered individuals, and E: infected from negative 
(recovered and uninfected) individuals; F: The diagnostic model of the rehabilitation was evaluated for sensitivity, specificity, and AUC using seven-gene 
methylation status. 
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The analysis for methylation levels of different 
genes revealed that the positive methylation rates of the 
7 genes in the infected group were TAC1 88.9%, CDO1 
44.4%, HOXA9 55.6%, ZFP42 72.2%, SOX17 50.0%, 
RASSF1A 50.0% and SHOX2 27.8%. The positive 
percentage of DNA methylation was obviously higher 
in the infected period than in the recovered and 
uninfected periods (infected vs. recovered, p < 0.001). 
Meanwhile, in comparison, 7 genes were found to have 
markedly lower positive methylation levels in the 
uninfected periods, among which no positive 
methylation was detected in COD1, HOXA9, SOX17, 

and SHOX2 (Figure 1B). 
The diagnostic performance of single positive 

methylation of TAC1, CDO1, HOXA9, ZFP42, SOX17, 
RASSF1A, and SHOX2 was examined. The study was 
conducted to pairwise compare infected and uninfected 
groups, infected and recovered groups, and infected and 
negative (uninfected + recovered) groups. In the single 
methylation prediction model, the AUC ranged from 
0.639 to 0.899, the specificity ranged from 0.831 to 
1.000, and the sensitivity ranged from 0.278 to 0.889 
(Figure 1C–1E and Table 2). In order to achieve a more 
accurate prediction for the recovery level of each 

Table 2. Sensitivity and specificity of different genes in different groups. 
Gene Infected vs Uninfected Infected vs Recovered Infected vs Recovered + Uninfected 

AUC Specificity Sensitivity AUC Specificity Sensitivity AUC Specificity Sensitivity 
TAC1 0.899 0.909 0.889 0.860 0.831 0.889 0.866 0.842 0.889 
CDO1 0.722 1.000 0.444 0.715 0.985 0.444 0.716 0.987 0.444 

HOXA9 0.778 1.000 0.556 0.724 0.892 0.556 0.732 0.908 0.556 
ZFP42 0.816 0.909 0.722 0.800 0.877 0.722 0.802 0.882 0.722 
SOX17 0.750 1.000 0.500 0.719 0.939 0.500 0.724 0.947 0.500 

RASSF1A 0.705 0.909 0.500 0.704 0.908 0.500 0.704 0.908 0.500 
SHOX2 0.639 1.000 0.278 0.639 1.000 0.278 0.639 1.000 0.278 

 

Figure 2. Overview of immune cell subpopulations in the uninfected and recovered groups. 
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individual, the study combined the DNA methylation 
status of TAC1, CDO1, HOXA9, ZFP42, SOX17, 
RASSF1A, and SHOX2 in infected and negative 
(uninfected + recovered) groups to construct a 
recovery-evaluation model (Supplementary Table 1). 
The individual overall DNA positive methylation level 
(M value) was calculated as follows: M = exp ((-
4.596+3.356 × TAC1-1.105 × CDO1+0.095 × 
HOXA9+2.772 × ZFP42+1.287 × SOX17+1.006 × 
RASSF1A+15.664 × SHOX2)). Methylation positivity 
was scored as 1, and negativity as 0. In this model, the 
cutoff value was 0.182, the AUC was 0.931, and the 
sensitivity and specificity were 0.889 and 0.842, 
respectively (Figure 1F). Next, a robustness assessment 
was conducted using a 5-fold cross-validation, 
representing results with ROC curves (Supplementary 
Figure 1). More importantly, the model successfully 
distinguished the infected from the recovered or 
uninfected population by characterizing positive 
methylation. 

 
Different immune cell profiles in recovered and 
uninfected individuals 

The study performed an assessment of immune 
function using full-spectrum flow cytometry in 58 
recovered individuals, with 10 uninfected individuals 
serving as negative controls (Figure 2). The results 
demonstrated that the ratios of CD8+ T-cells and CD8+ 
CD38+ T-cells were significantly higher in the 
recovered individuals compared to the uninfected 
individuals (recovered vs. uninfected, p < 0.05) (Figure 
3A–3B). In contrast, other immune cell populations did 
not exhibit significant differences (Supplementary 
Figures 2 and 3). Therefore, potential differences in 
immune function were found between recovered 
individuals and uninfected individuals. 

Correlation of DNA methylation with immune cell 
profiles in recovered and uninfected individuals 

Taking together the results of DNA positive 
methylation and flow cytometry assays, the single 
positive methylation of TAC1, CDO1, HOXA9, ZFP42, 
SOX17, and RASSF1A; as well as 7-gene methylation 
positive levels (M-values), in correlation with immune 
cell populations were further characterized. The results 
revealed that the TAC1 methylation was significantly 
positively correlated with the proportion of B cells and 
T cells, and significantly negatively correlated with the 
proportion of terminal NK cells. SOX17 methylation 
was significantly positively correlated with CD38+ B 
cells, PD-1+ function CD8+T cells, and granulocytes; 
and significantly negatively correlated with CD16+ 

Figure 4. Overview of the gene methylation correlation with immune cell populations. *p < 0.05. 

Figure 3. Analysis of immune cell populations in the uninfected 
versus recovered group. 

A: CD8+T cell ratio levels differed between uninfected group 
and recovered group; B: CD38+CD8+T cell ratio levels differed 
between uninfected group and recovered group. *p < 0.05. 
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NKT cells, CD16+ NK cells, and monocytes. RASSF1A 
methylation was significantly positively correlated with 
the proportion of CD69+ NKT cells and significantly 
negatively correlated with the proportion of Treg cells. 
In addition, the total M values calculated by the positive 
methylation levels of 7 genes demonstrated significant 
positive correlations with the proportions of T cells, 
PD-1+ function CD4+ T cells, TCRγδ+ cells, and 
CD38+ NKT cells; and significant negative correlations 
with the proportions of Treg cells and PD-1+ CD8+ T 
cells in the recovered population (Figure 4). 

 
Discussion 

With the growing prevalence of COVID-19, disease 
surveillance from infection to rehabilitation has 
received increased attention from a growing number of 
researchers [30]. In this study, a plasma DNA 
biomarker detection model (including TAC1, CDO1, 
HOXA9, ZFP42, SOX17, RASSF1A, and SHOX2) was 
successfully constructed as a result of the analysis of the 
changes of cfDNA methylation in COVID-19-infected 
and recovered/uninfected populations. This model was 
used to monitor the positive amount of plasma DNA 
methylation in the recovery of COVID-19 patients to 
distinguish them from the infected population. 
Meanwhile, the correlation between 7 gene methylation 
and the proportion of immune cells was demonstrated 
in the study, which further characterized that this 
multigene methylation model could be equally 
meaningful for monitoring the immune function during 
the recovery period of COVID-19. 

Methylation alterations can modify gene 
expression, which in turn can affect cellular pathways 
and phenotypes [31]. In fact, there have been numerous 
studies reporting associations between DNA 
methylation levels and human diseases, especially 
inflammatory diseases such as pneumonia [32,33]. The 
dynamic and reversible nature of DNA methylation has 
made it a suitable biomarker [34]. In addition, DNA 
methylation profiles can be generated in a single blood 
draw and measurement, providing a holistic view of 
whole-body metabolism and health status without 
analyzing multiple types of biomarkers, and can help to 
predict susceptibility to relevant comorbidities while 
improving and accelerating diagnosis [35,36].  

Notably, previous studies have shown that the 
methylation status of genes including TAC1, CDO1, 
HOXA9, ZFP42, SOX17, RASSF1A, and SHOX2 has 
broad application value [20,37]. Mechanistically, 
TAC1, CDO1, and RASSF1A are tumor suppressor 
genes (TSGs) that regulate normal cell division, repair 
DNA damage, and promote apoptosis or programmed 

cell death of damaged cells [38]. Hypermethylation of 
these genes can lead to their functional inactivation, 
potentially triggering unregulated cell proliferation and 
contributing to tumorigenesis [39,40]. Additionally, 
HOXA9 is a member of the HOX cluster family of 
transcription factors that are critical for endothelial cell 
differentiation, and its methylation is involved in 
carcinogenesis of various cancers [41]. ZFP42 
methylation is associated with differentiation and 
malignant transformation of stem cells, and is 
frequently observed in various types of tumors [42]. 
SOX17 has been recognized as an important antagonist 
and inhibitor of the canonical Wnt signaling pathway, 
and hypermethylation of SOX17 occurs frequently in 
lung cancer [43,44]. SHOX2 was found to modulate cell 
proliferation and differentiation and induce epithelial-
mesenchymal transition, making it an important growth 
regulator in the body [45]. Notably, previous studies 
revealed that parallels exist between COVID-19 and 
cancer at the pathophysiological level [46,47], 
suggesting these gene methylations may play an 
equivalent role in SARS-CoV-2 infection and clinical 
management strategies. 

Based on the biological implications of these genes, 
mounting evidence suggests that the methylations of 
these genes can serve as diagnostic biomarkers for 
various diseases [20,37]. For example, prior studies 
have found a higher prevalence of methylations of 
CDO1, TAC1, HOXA9, SOX17, and ZFP42 in cancer 
patients' plasma compared with healthy individuals 
[21,48]; and, the methylation of these genes was 
significantly associated with the diagnosis of non-small 
cell lung cancer that was independent from age, race, 
and smoking pack-years [21]. Similarly, Tan et al. have 
reported that the hypermethylation status of the 
RASSF1A gene was significantly associated with the 
risk of lung cancer, which increased with elevated 
methylation status [49]. Konecny et al. proposed that 
methylation of the SHOX2 gene was a reliable marker 
of lung malignancy, and that plasma, as an alternative 
material for the detection of SHOX2 methylation, might 
offer the possibility of screening for patients who are 
unable to undergo bronchoscopy [50]. Although these 
genes appeared to signify lung cancer association, it is 
exciting to note that in this study, there was a significant 
increase in the methylation positive levels of these 7 
genes (TAC1, CDO1, HOXA9, ZFP42, SOX17, 
RASSF1A, and SHOX2) in plasma from individuals 
infected with COVID-19 as compared to 
uninfected/recovered individuals. This was probably 
due to the fact that lung cancer represented the most 
frequent cancer histology in COVID-19 patients [51]. 
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On the other hand, epigenetic modifications (DNA 
methylation) have been reported to play an important 
role in innate immune responses, regulation of B-cell 
function, and control of T-cell differentiation and 
memory responses [52,53]. Memory T and B cell 
differentiation involves epigenetic changes, including 
DNA methylation, that are required to initiate and 
maintain hereditary gene expression programs [54,55]. 
Interestingly, regulatory T cells (Tregs) are CD4+T cell 
subsets characterized by increased CD25 expression 
and decreased CD127 expression [56]. A decreasing 
trend in amount of Tregs in critically ill COVID-19 
patients has been observed [57]. The reduction in the 
number of Tregs in COVID-19 patients might affect 
COVID-19 patients in several aspects, such as 
attenuating inflammatory suppression, causing an 
imbalance in the Treg/Th17 ratio, and increasing the 
risk of respiratory failure [58,59]. In addition, it was 
found that changes in Tregs were significantly 
associated with recovery in critically ill COVID-19 
patients, meaning that Tregs were reduced in COVID-
19 patients with sequelae compared to completely 
recovered individuals [60]. In this study, RASSF1A 
methylation was found to be negatively correlated with 
the proportion of Tregs, and the 7 gene methylation 
scores (M-values) also showed that there was a lower 
proportion of Tregs with higher M-values. 

Several limitations need to be disclosed. First, this 
study included a limited number of samples. The 
robustness and generalizability of the findings require 
validation in larger cohorts. Second, the study lacked 
the investigation into the mechanism of action of the 
methylation of these biomarkers in COVID-19 
infection, which could be a direction for future research. 

 
Conclusions 

This study revealed that the methylation of 7 genes 
(TAC1, CDO1, HOXA9, ZFP42, SOX17, RASSF1A, and 
SHOX2) was crucial in the diagnosis of COVID-19 
infection, and was used to construct a prediction model 
which had sensitivity, specificity, and AUC of 0.889, 
0.842, and 0.931, respectively. Further, it was found 
that the occurrence of DNA methylation of the 7 genes 
in the rehabilitation population correlated with changes 
in the proportion of immune cell subpopulations. 
Collectively, this study not only contributes to the 
assessment of recovery from COVID-19 infection, but 
also aids in the evaluation of immune function during 
the recovery period. 
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Annex – Supplementary Items 
 
Supplementary Table 1. Multivariate logistic regression analysis of the variables. 
Variables OR 95% CI p value 
TAC1 28.68 3.57–641.67 0.00579 
CDO1 0.33 0–19.31 0.5825 
HOXA9 1.1 0.09–10.22 0.93409 
ZFP42 15.99 1.62–373.34 0.02892 
SOX17 3.62 0.28–52.72 0.3215 
RASSF1A 2.74 0.12–47.66 0.49397 
SHOX2 6347825 0–NA 0.99557 
OR: odds ratio; CI: confidence interval. 
  

Supplementary Figure 1. The receiver operating curve (ROC) curve results were confirmed by a 5-fold cross-validation. 
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  Supplementary Figure 2. Overview showing the percentage of immune cell populations in the uninfected (un) and recovered (re) groups. 
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Supplementary Figure 3. Overview showing the percentage of immune cell populations in the uninfected (un) and recovered (re) groups. 
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