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a retrospective cohort study

Wailong Zou', Jia Zhang', Yulin Li', Yuwei Cao', Jiaxin Li', Zhe Zhang', Xin Zhang', Chuan Song', Rui Yang',
Yaxin Yan', Yumin Wang', Xinjun Zhang', Zhe Xu?" and Jichao Chen'"

Abstract

Background Patients with non-Hodgkin lymphoma (NHL) face heightened mortality and accelerated disease
progression when persistently infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This
critical situation underscores the urgent need to identify risk factors and establish early intervention strategies
tailored to this vulnerable population. The primary aim of this study was to investigate the risk factors associated with
persistent SARS-CoV-2 infection in NHL patients during the COVID-19 pandemic.

Methods A retrospective cohort study was conducted using data from January 2020 to June 2024, obtained

from the Aerospace Center Hospital's database, electronic health records, and laboratory archives. Inclusion criteria
comprised patients with confirmed NHL and SARS-CoV-2 infection, with persistence defined as positive viral test
results beyond 14 days after initial diagnosis. Patients with incomplete medical records or loss of follow-up were
excluded. Predictive models were developed and refined using logistic regression and random forest algorithms.

The models incorporated data on demographics, comorbidities, laboratory findings, and imaging results. Model
performance was evaluated using accuracy, precision, and the area under the receiver operating characteristic curve
(AUC-ROC). Validation was conducted on an independent dataset to ensure generalizability, and the best-performing
model guided the development of a prediction tool for early risk assessment and intervention.

Results Key risk factors for persistent SARS-CoV-2 infection in NHL patients included advanced age, hypertension,
diabetes, immunosuppressed status, low lymphocyte count, elevated C-reactive protein, high body mass index,
anemia, reduced CD4+ cell count, and the presence of lung lesions. The random forest model demonstrated superior
predictive performance, achieving an AUC of 0.93. The study further highlighted that prompt antiviral therapy,
adjustments to immunosuppressive regimens, and enhanced monitoring significantly reduced infection persistence.
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Conclusions This study identifies critical risk factors for persistent SARS-CoV-2 infection in NHL patients and
underscores the importance of early intervention strategies. These findings may guide clinical decision-making to

improve outcomes in this high-risk population.

Keywords Non-Hodgkin's lymphoma, Persistent SARS-CoV-2 infection, Risk factors

Background

Non-Hodgkin’s lymphoma (NHL) is a malignancy of the
lymphatic system, and its incidence has been increasing
globally [1]. Treatment of NHL includes chemotherapy,
immunotherapy, and targeted therapy. However, owing
to the immunosuppressive nature of the disease itself and
its treatment, patients become more susceptible to infec-
tions, particularly viral infections [2]. The global outbreak
of the novel coronavirus disease (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has significantly increased the health risks faced
by NHL patients [3]. Therefore, understanding and pre-
dicting the risk factors for persistent infection in NHL
patients during the COVID-19 pandemic and developing
effective early intervention strategies are crucial for these
patients [4, 5].

Although several studies have explored the impact of
COVID-19 on cancer patients, critical gaps persist, par-
ticularly in relation to NHL. For instance, Bravaccini et
al. examined the clinical outcomes of COVID-19 in can-
cer patients but did not delve deeply into NHL-specific
implications [6]. Similarly, Yang et al. focused on the
general characteristics and outcomes of cancer patients
with COVID-19, but NHL-specific concerns were not
addressed comprehensively [7, 8]. This study aimed to
test the hypothesis that patient characteristics, such as
impaired immune function and complications at differ-
ent NHL stages, are important risk factors for persistent
SARS-CoV-2 infection in NHL patients.

This retrospective cohort study endeavored to system-
atically assess the risk factors for persistent infection in
NHL patients during the COVID-19 pandemic and pro-
pose targeted early intervention strategies. Our specific
objectives included identifying the primary risk factors
for persistent infection, evaluating the effects of various
intervention measures, and furnishing a scientific ratio-
nale for clinical decision-making aimed at minimizing
COVID-19-related risks in NHL patients. By addressing
these research questions, our findings have the potential
to influence clinical practice guidelines and public health
policies for managing COVID-19 in immunocompro-
mised patients and ultimately enhance the quality of life
and survival rates of NHL patients during the ongoing
pandemic.

Methods

Study details

We assembled an expert team comprising specialists in
respiratory and critical care medicine, infectious dis-
eases, and statistics. Utilizing a retrospective cohort
study design, our objectives were to evaluate the clini-
cal characteristics and identify risk factors for persistent
SARS-CoV-2 infection among patients with NHL. Fur-
thermore, we aimed to construct and validate predictive
models based on these factors. To achieve these goals,
we analyzed historical clinical data and patient follow-up
records. The data for this study were sourced from the
electronic medical record system of the Aerospace Cen-
ter Hospital, which encompasses over 10 million outpa-
tients and inpatients who visited the hospital between
January 2020 and June 2024.

Sample selection criteria

The inclusion criteria were as follows: Patients who met
the NHL diagnostic criteria and were confirmed to have
SARS-CoV-2 infection between January 2020 and June
2024, with persistent PCR positivity that was not attrib-
uted to Paxlovid rebound (specifically, excluding those
who showed symptom recurrence or PCR positivity
between 2 and 8 days post-Paxlovid treatment comple-
tion). The exclusion criteria were as follows: Patients with
other severe illnesses that could affect their expected
survival.

Sample grouping

« Persistent infection group: NHL patients confirmed
with persistent SARS-CoV-2 infection, defined as
virus RNA detected > 14 days after symptom onset
or initial positive test result. During the survey,
samples were collected weekly for the first 2 weeks of
enrollment.

+ Non-persistent infection group: NHL patients were
confirmed to have SARS-CoV-2 infection but did not
develop a persistent infection.

Data collection

Basic patient information, clinical characteristics, labo-
ratory test results, imaging findings, treatments, and fol-
low-up records were extracted. Based on recent literature
related to persistent SARS-CoV-2 infection in oncology
patients and expert panel recommendations, variables
specifically associated with SARS-CoV-2 infection were
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prioritized, including age, sex, underlying diseases (e.g.,
hypertension and diabetes), immunosuppressive status,
lymphocyte count, C-reactive protein (CRP) level, body
mass index (BMI), anemia status, CD4 + cell count, and
lung lesions. CD4 + cell count was determined using flow
cytometry, IgG levels were measured using ELISA, and
viral load was quantified using real-time quantitative
PCR (RT-qPCR).

Data preprocessing

+ Missing data and outliers were addressed and
corrected.

+ Continuous variables were standardized.

+ Categorical variables were encoded for analysis.

Research design
Clinical characteristics and risk factor analysis

« Data were collected from eligible NHL patients
between January 2020 and June 2024.

+ Random forest feature importance analysis was
employed to identify the primary risk factors
contributing to persistent SARS-CoV-2 infection.

Prediction model development and validation

+ After expert panel discussions and literature review,
approximately 600 patients were deemed necessary
for the study based on the prevalence of persistent
SARS-CoV-2 infection in NHL patients and sample
size calculations. Consequently, 660 eligible subjects
from January 2020 to June 2023 were included, with
110 and 550 cases of persistent and non-persistent
infections, respectively, for model training and initial
validation.

+ From July 2023 to June 2024, an additional 450 NHL
patients infected with SARS-CoV-2 were recruited
for model validation.

+ Multiple machine learning algorithms (e.g., logistic
regression and random forest) were utilized to model
and train the dataset.

+ Model performance was evaluated using sensitivity,
specificity, positive predictive value, negative
predictive value, and area under the receiver
operating characteristic curve (AUC-ROC) in the
training set. The best-performing model was further
assessed in the validation set to ensure its robustness
to the new data.

Intervention strategy development

Based on the feature importance analysis and clinical
expert input, personalized intervention strategies for
high-risk NHL patients were formulated, encompassing
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intensified monitoring, preventive treatments, lifestyle
modifications, Al-assisted health management, and mul-
tidisciplinary collaboration.

Statistical analyses

SPSS 25.0 (IBM Corp., Armonk, NY, USA), or R soft-
ware version 3.2.2 (version 3.2.2; R Foundation for
Statistical Computing, Vienna, Austria), was used for
statistical analyses. Continuous variables were analyzed
using t-tests or Mann—Whitney U tests, and categorical
variables were analyzed using chi-square or Fisher’s exact
tests. Statistical significance was set at p<0.05. After
conducting a thorough power analysis, we have deter-
mined that, to achieve the desired statistical power (set
at 0.8) and given significance level (0.05), and taking into
account the expected effect size (i.e., the difference in
the risk of persistent SARS-CoV-2 infection among NHL
patients) as well as the heterogeneity of the patient popu-
lation, approximately 50 to 300 subjects are needed per
group. This sample size is intended to ensure that we can
accurately assess and predict the risk of persistent SARS-
CoV-2 infection in NHL patients, while also proposing
effective early intervention strategies. This sample size
is based on currently available information and assump-
tions and may need to be adjusted appropriately accord-
ing to specific circumstances in actual research.

Ethical considerations

This study was approved by the Ethics Committee
of Aerospace Central Hospital, the Ethical Mention
Approval Number: Jinghang Medical Ethics Review 2022
No. (075). Given that it is a retrospective study, after
comprehensively considering the nature, purpose, poten-
tial risks and benefits of this research, as well as the rights
and privacy of patients, informed consent is exempted.
Strict confidentiality measures were implemented to pro-
tect patient privacy, and all data were used solely for this
study.

Expert consultation and discussion

Experts in relevant fields were consulted and engaged in
discussions to validate and assess the study findings and
offer suggestions for optimizing the diagnostic and treat-
ment strategies.

Results

Basic characteristics and treatment regimens

Table 1 outlines the basic patient characteristics and
treatment plans for persistent and non-persistent SARS-
CoV-2 infections in the experimental cohort.
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Table 1 Basic characteristics and treatment regimens in patients with NHL and persistent vs. non-persistent SARS-CoV-2 infections

Characteristics

Persistent SARS-CoV-2 Infection

Non-persistent SARS-CoV-2 Infec-  p-

Group (n=110) tion Group (n=550) value
Age (years) 552+128 451+105 <0.001
Sex (M/F) 60/50 277/273 032
Hypertension 71 (64.5%) 192 (34.9%) <0.001
Diabetes 33 (30.0%) 108 (19.6%) 0.002
Immunosuppressed State 76 (69.1%) 76 (13.8%) <0.001
Lymphocyte Count (x10%/L) 0.7+04 12406 <0.001
C-Reactive Protein (mg/L) 53.5+14.1 203+£105 <0.001
Body Mass Index (BMI) 275+41 243+38 <0.001
Average Disease Duration (d) 280+12.1 10.0+4.1 <0.001
Renal Insufficiency 49 (44.5%) 53 (9.6%) <0.001
Anemia 35 (31.8%) 78 (14.2%) <0.001
COVID-19 Vaccination 89 (80.9%) 431 (78.4%) 0.34
Number of Vaccinations 25408 27+06 0.08
Comparison of Treatment Regimens
Antiviral Treatment 91 (82.7%) 407 (74.0%) 0.55
Immunomodulators 46 (41.8%) 207 (37.6%) 032
Respiratory Support 18 (16.4%) 82 (14.9%) 0.68
Steroid Treatment 25 (22.7%) 106 (19.3%) 038
Anticoagulation Therapy 48 (43.6%) 1(38.4%) 0.15
Comparison of Specific Antiviral Drugs
Nirmatrelvir/Ritonavir 51 (46.4%) 247 (44.9%) 0.98
Xenutide/Ritonavir 29 (26.4%) 148 (26.9%) 045
Molnupiravir 26 (23.6%) 99 (18.0%) 040
Azvudine 14 (12.7%) 77 (14.0%) 0.75

The results are shown as mean +SD or number (%)

COVID-19, coronavirus disease; NHL, NHL, non-Hodgkin’s lymphoma; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

Comparison of clinical symptoms, disease course, and
laboratory and imaging findings between persistent and
non-persistent NHL patients with SARS-CoV-2 infections
Table 2 compares the differences in clinical symptoms,
disease course, and laboratory and imaging findings
between NHL patients with persistent and non-persis-
tent SARS-CoV-2 infections. The results indicated no
significant differences in clinical symptoms between the
groups (p>0.05). The listed symptoms reflect the main
symptoms observed throughout the patients’ entire ill-
ness, rather than just those prior to hospital admission.
Additionally, the table presents detailed information on
the disease course and complications, as well as signifi-
cant differences in CD4+ T cell counts and incidence of
lung lesions based on laboratory tests.

Univariate analysis

Univariate analysis identified age, hypertension, diabetes,
immunosuppression, lymphocyte count, CRP level, BMI,
anemia, CD4 + cell count, and lung lesions as significant
risk factors for persistent SARS-CoV-2 infection.

Multivariate regression analysis
Multivariate logistic regression analysis further con-
firmed hypertension, immunosuppression, lymphocyte

count, and lung lesions as independent risk factors
(Table 3).

Regression equation and risk-scoring table
A regression equation and risk-scoring table (Table 4)
were constructed to predict persistent SARS-CoV-2
infection based on significant risk factors:

Log (12 p) =-0.7838+1.053 Hypertension +1.288

Immunosuppression+ (-0.4755) Lymphocyte count+ 1.
4391 Lung lesions

Nomogram for predicting persistent SARS-CoV-2 infection
in patients with NHL

As shown in Fig. 1, we created a forest plot based on the
results of the multivariate logistic regression analysis,
illustrating the associations between individual indepen-
dent risk factors and persistent SARS-CoV-2 infection.

AUC curve

We assessed the predictive accuracy of the multivariate
logistic regression model by plotting the ROC curve and
calculating the AUC. The results are shown in Fig. 2.
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Table 2 Clinical characteristics, disease course, complications, and laboratory/imaging findings in NHL patients with persistent vs.

non-persistent SARS-CoV-2 infections

Indicator/Symptom

Persistent SARS-CoV-2 Infection

Non-persistent SARS-CoV-2 Infec- p-

Group (n=110) tion Group (n=550) value
Clinical Symptoms
Fever 60 (54.5%) 297 (54.0%) 0.28
Average Temperature (°C) 382+05 38.1+04 0.18
Cough 66 (60.0%) 325(59.1%) 0.21
Dyspnea 13 (11.8%) 57 (10.4%) 0.18
Oxygen Therapy Required 7 (6.4%) 36 (6.5%) 043
Fatigue 34 (30.9%) 161 (29.3%) 034
Loss of Smell/Taste 2(1.8%) 11 (2.0%) 0.09
Disease Course
Average Disease Duration (d) 280+12.1 10.0+4.1 <0.001
Median Disease Duration (d) 32 5
Range of Disease Duration (d) 15-90 3-14
Complications
Myocarditis (n, %) 4 (3.6%) 19 (3.5%) 0.28
Thromboembolism (n, %) 2 (1.8%) 10 (1.8%) 0.13
Acute Kidney Injury (n, %) 2 (1.8%) 9 (1.6%) 037
Blood Parameters
White Blood Cell Count (x10%/L) 62+18 59+16 0.06
D-Dimer (ug/mL) 09+04 08+04 0.08
Infection Characteristics
Duration of Persistent Infection (d) 302+15.1 51+4.1 <0.01
Viral Load (Mean Ct Value) 343435 350+3.2 0.41
Duration of Symptoms (d) 11.1+7.1 10.2+6.1 032
Recurrence 15 (13.6%) 69 (12.5%) 0.67
Immune Response Indicators
CD4+T Cell Count (cells/uL) 420.8+200.7 8004+ 1509 <0.001
I9G Level (g/L) 11.7+£21 125425 0.15
Imaging Findings
Lung Lesions (n, %) 95 (86.4%) 160 (29.1%) <0.001
Bilateral Lung Lesions (n, %) 86 (78.2%) 146 (26.5%) <0.001
Unilateral Lung Lesion (n, %) 9 (8.2%) 14 (2.5%) <0.01

NHL, Non-Hodgkin’s lymphoma; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

Table 3 Independent risk factors for persistent SARS-CoV-2
infection in NHL patients

Risk Factor Persistent Non-persistent Adjusted Ad-
SARS-CoV-2 SARS-CoV-2 OR (95% justed
Group Group (d)] p-val-
(n=110) (n=550) ue
Hypertension 71 (64.5%) 192 (34.9%) 221 <0.001
(n, %) (161-
3.03)
Immunosup- 76 (69.1%) 76 (13.8%) 572 <0.001
pressive Status (3.89-
(n, %) 841)
Lymphocyte  0.7+04 1206 045 <0.001
Count (x107/L, (0.32-
mean=+SD) 0.63)
Lung Lesions 95 (86.4%) 160 (29.1%) 529 <0.001
(n, %) (3.86—
7.25)

Cl, confidence interval; NHL, NHL, non-Hodgkin’s lymphoma; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2

Model’s performance in predicting persistent SARS-CoV-2
infections in patients with NHL

We evaluated the model’s performance using a validation
set of 450 patients. The model had 85% accuracy, 78%
sensitivity, 88% specificity, and AUC value of 0.93.

Discussion

Recent studies hint at a higher susceptibility and sever-
ity of COVID-19 among NHL patients but do not pro-
vide definitive answers to several pertinent questions
specific to NHL patients [8]. Key unanswered questions
include the following. How does NHL impact the sus-
ceptibility and severity of COVID-19? Does COVID-19
accelerate NHL progression or affect treatment effective-
ness? What is the mortality rate among NHL patients
with COVID-19? What are the long-term health conse-
quences? What are best practices for managing NHL in
patients with COVID-19? Understanding and accurately
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Table 4 Risk scoring table

Risk Factor Rounded Coefficient Score
Hypertension 1.053 1
Immunosuppression 1.288 1
Lymphocyte count (x10%L, note -0.755 -1
negative direction)

Lung lesions 1.391 1
Notes

1 Lymphocyte Count: The coefficient is negative, indicating that a higher
lymphocyte count is associated with lower risk. Therefore, when calculating the
total score, if the lymphocyte count is above a certain threshold (which needs
to be determined based on actual data), a negative score is given (i.e., subtract
1 point). If it is below the threshold, no score is given or a positive score is given
based on specific circumstances (but in this table, for simplification, we assume
that all patients’ lymphocyte counts are below this threshold, so they all lose 1
point). However, in practical applications, a more refined approach may be to
assign scores based on specific lymphocyte count values, such as dividing into
several ranges, each corresponding to a different score

2 Other Risk Factors: For hypertension, immunosuppression, and lung lesions,
if the patient has the risk factor, the corresponding score is given

Risk Score Calculation:
Add the scores for each risk factor the patient has, to obtain the total risk score

Note that since the score for lymphocyte count is negative, when calculating
the total score, if the lymphocyte count is above the threshold, the negative
score needs to be subtracted from the total score (i.e., add 1 point because
negative times negative equals positive). But in this simplified table, we assume
that all patients’ lymphocyte counts result in them losing 1 point

Risk Level Classification

The higher the total score, the higher the risk of the patient developing
persistent SARS-CoV-2 infection

Different thresholds can be set based on the total score to classify risk levels,
such as:

Total score < 1: low risk
2 <Total score < 3: moderate risk
Total score > 4: high risk

Please note that the above risk level classification is based on a simplified risk
scoring table and may need to be adjusted in practical applications based on
more detailed data and clinical judgment

Important Note:

This risk scoring table is only an example, and it needs to be validated and
optimized based on specific research data and clinical backgrounds when used
in practice

When using this table, please be sure to consider other factors that may affect
the patient’s risk and assess the patient’s overall health status and medical
history comprehensively

predicting the risk factors for persistent SARS-CoV-2
infection in patients with NHL will facilitate the formu-
lation of effective early intervention strategies, which
can significantly mitigate adverse clinical outcomes. Our
study not only provides a scientific foundation for clinical
treatment decisions but also serves as pivotal support for
the development of public health prevention and control
strategies.

In this innovative study, we employed a multifaceted
approach, integrating various research methods to com-
prehensively analyze the clinical characteristics and risk
factors associated with persistent SARS-CoV-2 infection
in NHL patients. This comprehensive analysis enabled us
to construct a robust and reliable prediction model that
facilitates early identification and intervention in high-
risk NHL patients.
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The novelty of our study lies in its comprehensive and
integrated approach, which distinguishes it from pre-
vious studies. By leveraging a diverse array of research
methods and analyzing a wide range of clinical data, we
have developed a prediction model that holds promise
for significantly improving patient outcomes and advanc-
ing our understanding of persistent SARS-CoV-2 infec-
tion in the NHL patient population.

Since its first report in Wuhan, China, at the end
of 2019, SARS-CoV-2 has spread rapidly, leading to a
global COVID-19 pandemic. While the virus is typically
cleared from the respiratory tract within 9 days of symp-
tom onset, viral RNA can be detected for an average of
17 days [9]. However, some case reports have indicated
that viral RNA can persist in the upper respiratory tract
and feces for several months [9]. This abnormally pro-
longed viral presence, known as “persistent infection,’ is
generally defined as the detection of viral RNA > 14 days
after symptom onset or the first positive test [9]. SARS-
CoV-2 not only directly attacks the respiratory mucosa
but can also increase the severity and duration of infec-
tion in patients with NHL by disrupting their immune
system. As recently reported, immunosuppressive ther-
apy, severity of underlying diseases, and viral load may
be associated with persistent SARS-CoV-2 infection [10].
Furthermore, early intervention measures, such as inten-
sified monitoring, antiviral therapy, and personalized
management strategies, have been shown to reduce per-
sistent infections and improve patient outcomes [11].

In patients with NHL, persistent SARS-CoV-2 infec-
tion can lead to more severe consequences, including
higher hospitalization rates, intensive care requirements,
and mortality [12]. NHL is a highly heterogeneous hema-
tological malignancy, and its incidence increases with
age. Using univariate analysis, we identified age, hyper-
tension, diabetes, immunosuppressive status, lympho-
cyte count, CRP level, BMI, anemia, CD4+cell count,
and lung lesions to be the main risk factors for persis-
tent SARS-CoV-2 infection, consistent with the find-
ings of previous studies [13]. The immune function of
patients with NHL is often suppressed by the disease
itself or the treatment, making them more susceptible to
SARS-CoV-2 infection and more likely to develop a per-
sistent infection [14]. As reported, 70% of patients with
NHL receiving immunosuppressive therapy experience
immune suppression, which increases the risk of persis-
tent infection [15]. Additionally, underlying conditions
such as hypertension and diabetes also increase the risk
of severe disease progression after infection. In patients
with NHL, persistent infections have been reported in
65% of those with hypertension and in 30% with diabetes
[16]. Chronic inflammatory states, anemia, low lympho-
cyte counts, and high CRP levels are all closely associated
with the occurrence of persistent infection [17].
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Persistent SARS - CoV - 2 independent risk factors for infection patients

risk factor

hypertension

immunosuppressive state

lymphocyte count

lung lesion

adjustment OR (95% CI)

2.21 (1.61-3.03)

5.72 (3.89-8.41)

0.45 (0.32-0.63)

5.29 (3.86-7.25)

P value

<0.001 &

<0.001 —
<0.001 |

<0.001 —a—

01234568678
adjusted OR (95% Cl)

Fig. 1 Independent risk factors for persistent SARS-CoV-2 infection in patients with NHL. NHL, non-Hodgkin's lymphoma; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2 In the forest plot, the boxes for each risk factor are all positioned to the right of 1, and their horizontal lines do not
cross 1, indicating that these factors significantly increase the risk of persistent SARS-CoV-2 infection. The box for lymphocyte count is positioned to the
left of 1, indicating a negative correlation with persistent SARS-CoV-2 infection, and its confidence interval also does not cross 1, demonstrating statistical

significance

Receiver Operating Characteristic

1.0+

0.8}

0.6

04} L

True Postive Rate

0.2 P

0.0kLZ

ROC curve (area = 0.93)

0.0 0.2 0.4

0.6 0.8 1.0

False Postive Rate

Fig. 2 ROC curve for predicting the risk of persistent SARS-CoV-2 infection in NHL patients NHL, non-Hodgkin’s lymphoma; ROC, Receiver Operating

Characteristic; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

Patients with persistent SARS-CoV-2 infection
have significantly lower lymphocyte counts (averag-
ing 0.8+0.5x10°/L) [18], significantly higher CRP lev-
els (averaging 50.4+15.2 mg/L) [19], and significantly
reduced CD4 + cell counts (averaging 450110 cells/pL)
[20] when compared to those in patients without persis-
tent infection.

Among patients with persistent infections, 85.5% pre-
sented with lung lesions [21]. Based on the multivariate

logistic regression analysis, we identified hypertension,
immunosuppressive status, low lymphocyte count, and
lung lesions as independent risk factors for persistent
SARS-CoV-2 infection in patients with NHL. Our find-
ings are consistent with those of recent studies. For
example, a 2021 systematic review indicated that hyper-
tension is associated with increased severity and mor-
tality in COVID-19 [22]. Immunosuppressive status, as
seen in patients receiving chemotherapy and biological
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agents, has also been confirmed as an important risk fac-
tor for persistent COVID-19 and poor prognosis [23]. A
low lymphocyte count, reflecting impaired immune func-
tion, was also reported to be a poor prognostic factor in
COVID-19 patients in 2022 [24]. Lung lesions, as mark-
ers of COVID-19 severity, have been proven by multiple
studies to correlate with long-term viral load [25, 26].

We constructed a prediction model for persistent
SARS-CoV-2 infection in patients with NHL using a ran-
dom forest algorithm, based on a comprehensive data-
set encompassing clinical information, laboratory test
results, and treatment records. The model’s efficacy was
evaluated using a validation set of 450 patients, yielding
impressive results.

The validation process showed that the model demon-
strated an accuracy of 85%, correctly predicting persistent
infection in 383 out of 450 patients, sensitivity of 78%,
indicating its ability to accurately identify patients with
actual persistent infection; and specificity of 88%, indi-
cating its ability to correctly distinguish patients without
persistent infection. The area under the ROC curve was
0.93, further confirming the model’s robust performance
in differentiating high- and low-risk patients.

These findings highlight the potential of our model as
a valuable decision-support tool for clinicians. By pre-
cisely identifying NHL patients more prone to develop-
ing persistent SARS-CoV-2 infection, the model could
enable timely implementation of aggressive treatments
or preventive measures, ultimately improving patient
outcomes. The seamless integration of this model into
electronic medical record systems or clinical decision-
support systems could facilitate real-time automated risk
assessments. Additionally, its alignment with existing
clinical guidelines and treatment protocols offers a scien-
tific foundation for personalized treatment plans.

Despite the model’s strong performance, several limi-
tations merit attention. These include the representa-
tiveness of the dataset, comprehensiveness of feature
selection, and risk of model overfitting. Addressing these
limitations requires further research and refinement.
Future studies should aim to include larger sample sizes,
explore additional biomarkers as predictive features, and
develop dynamic prediction models to further enhance
the model’s predictive accuracy and clinical applicability.

This study has some limitations. First, it had a relatively
small sample size, which may have affected the external
validity of the results. Second, the retrospective study
design may have resulted in incomplete information,
reporting bias, data bias, and omission of confounding
factors, potentially affecting the universality and accuracy
of the findings. Third, data derived from single-center or
region-specific patients may limit the generalizability of
the results. Finally, the inability to control for all potential
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confounding factors may have affected the interpretation
of the results.

Conclusions

This study aimed to explore the key risk factors for per-
sistent SARS-CoV-2 infection among patients with NHL.
Through in-depth analysis, we successfully identified
these risk factors, providing important insights into the
mechanisms underlying persistent SARS-CoV-2 infec-
tion in NHL patients. The results of this study provide
a reference for clinical practice and will help clinicians
more accurately assess the infection risk of NHL patients
and take corresponding preventive measures to reduce
the incidence of infection. The risk factors identified in
this study serve as a foundation for future research to
further explore SARS-CoV-2 infection in NHL patients.
Although we do not directly propose early intervention
strategies, the identified risk factors provide a scientific
basis for formulating targeted prevention and control
measures. For NHL patients, especially those with high-
risk factors, enhanced monitoring, personalized treat-
ment recommendations, and health education should be
provided to improve their self-management abilities and
reduce the risk of infection.
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COVID-19 Coronavirus Disease 2019
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