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Background: This study examines the clinical outcomes and prognostic factors of COVID-19 in renal transplant recipients. Given
their immunosuppressed status, these patients are at higher risk of severe complications from COVID-19. The study aims to provide
healthcare professionals with critical insights for diagnosing and managing this vulnerable population.

Patients and methods: This retrospective cohort study included adult renal transplant recipients diagnosed with COVID-19. Data on
demographics, medical history, laboratory results, and patient outcomes were analyzed to identify clinical characteristics and prognostic
factors.

Results: This study included 115 renal transplant recipients with COVID-19, predominantly male, with a mortality rate of 10.4% (12
deaths). The overall vaccination rate was 20%. Univariate analysis showed significant differences between survivors and non-survivors in
initial serum creatinine levels, and percentages of neutrophils, monocytes, and lymphocytes, along with CRP levels on day 3. Additionally,
CRP levels, hemoglobin, and platelet counts on day 7 also differed significantly. Multivariate analysis identified CRP levels on days 3 and
7, day 7 hemoglobin and platelet counts, and concurrent bacterial infections as independent risk factors for mortality.

Conclusion: Elevated CRP levels, renal impairment, and bacterial co-infections play a significant role in the outcomes of COVID-19
in kidney transplant recipients. This study highlights the importance of monitoring these factors for early identification and manage-
ment of high-risk patients.
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Introduction
Since its emergence in late 2019, Coronavirus disease 2019 (COVID-19) has rapidly evolved into a global pandemic,
affecting millions worldwide. As of February 2023, over 671.6 million cases and 6.8 million fatalities have been
officially reported, underscoring the virus’s devastating impact.! COVID-19 primarily manifests as a respiratory tract
infection, with clinical presentations varying from mild, flu-like symptoms to severe acute respiratory distress syndrome
(ARDS).? Extensive research identifies key risk factors for severe COVID-19 outcomes, including advanced age, obesity,
diabetes mellitus, chronic pulmonary conditions, cardiovascular diseases, malignancies, and compromised immune
systems.>* Notably, immunosuppressed states, particularly those in solid organ transplant recipients, are associated
with the highest risk of severe complications.>® Intriguingly, some studies suggest that diminished inflammatory
responses, attributed to weakened immune systems, may confer a degree of protection against severe manifestations of
COVID-19.”® Consequently, the clinical characteristics and prognoses of COVID-19 in immunocompromised indivi-
duals, especially those who have undergone solid organ transplants, warrant thorough investigation.

Renal transplantation stands as the preferred treatment for individuals with end-stage renal disease, reflecting a global
increase in such procedures. In 2021, the Global Observatory on Donation and Transplantation reported a significant
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milestone with over 92,500 renal transplants performed, a testament to the advancements in transplantation medicine and
the advent of novel immunosuppressive medications.’ Although these therapies are pivotal in mitigating organ rejection,
they simultaneously heighten the susceptibility to viral, bacterial, and fungal infections among transplant recipients.'”
Moreover, the administration of immunosuppressive therapy has been independently associated with an adverse prog-
nosis in a spectrum of infections.''"'> Recent studies have underscored the importance of various prognostic markers in
predicting COVID-19 outcomes among immunocompromised populations. Elevated levels of inflammatory markers such
as C-reactive protein (CRP) and interleukin-6 (IL-6), along with diminished lymphocyte counts, have been consistently
associated with worse outcomes in these patients.'>'*

Consequently, we conducted a retrospective analysis of clinical manifestations, imaging data, laboratory results, and
patient outcomes among individuals who contracted COVID-19 post-renal transplantation at our institution during the
pandemic. Our objective was to delineate the clinical characteristics and prognostic factors pertinent to diagnosing and
managing SARS-CoV-2 pneumonia in the post-transplantation setting. By doing so, we aim to furnish healthcare profes-
sionals with critical insights that could guide the diagnostic and therapeutic strategies for this vulnerable population.

Methods

Study Design and Participants

This retrospective cohort study was conducted at the First Affiliated Hospital of the University of Science and
Technology of China in Hefei, Anhui Province, China. We included adult patients (aged >18 years) who had undergone
renal transplantation and were subsequently diagnosed with COVID-19 between November 2022 and February 2023.
COVID-19 was confirmed by RT-PCR testing of nasal or pharyngeal swab specimens.

Ethical Considerations

This study was approved by the Ethics Committee of the First Affiliated Hospital of the University of Science and
Technology of China (2023-RE-149). Due to its retrospective nature, the requirement for informed consent was waived.
However, all patient information was anonymized and de-identified prior to analysis to protect patient privacy and
comply with ethical standards. All kidneys were donated voluntarily with written informed consent, and this process was
conducted in accordance with the Declaration of Istanbul.

Inclusion and Exclusion Criteria
Inclusion criteria: Adults who had received kidney transplants and had a confirmed diagnosis of COVID-19 post-
transplantation.

Exclusion criteria: Patients without complete medical records, those who had severe organ failure prior to COVID-19
infection not related to the transplantation, and individuals participating in other clinical trials that could influence the
outcome of this study.

Data Collection

Data were collected on demographics (age, gender, BMI), medical history (comorbid conditions), timing of renal
transplantation, types of oral immunosuppressive medications, and laboratory findings at various time points post-
admission. These included complete blood count, neutrophil-to-lymphocyte ratio, absolute lymphocyte count, absolute
monocyte count, eosinophil count, hemoglobin, platelet count, infection markers (C-reactive protein, procalcitonin),
nutritional status indicators (albumin, prealbumin, globulin), renal function markers (creatinine, cystatin C), and
coagulation-related indicators (D-dimer, fibrinogen, prothrombin time). Information on concurrent bacterial infections,
ICU admissions, invasive mechanical ventilation.

Treatment Measures
Treatment for COVID-19 included antiviral therapy as per health authorities and hospital guidelines at the time,
supportive care (fluid replacement, electrolyte balancing, nutritional support), and symptomatic treatment based on
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clinical presentation. Severe cases received intensive care, including invasive or non-invasive mechanical ventilation as
necessary.

Adjustments to immunosuppressive therapy post-COVID-19 infection were made based on the patient’s clinical status
and immune response, including dose reduction or temporary cessation of certain medications. The adjustment strategy
was personalized, considering the patient’s renal function, the severity of infection, and the characteristics of the
immunosuppressive drugs.

Statistical Analysis

Descriptive statistics were used to summarize patient characteristics, clinical features, and outcomes. Continuous
variables were presented as means + standard deviations or medians with interquartile ranges, and categorical variables
as frequencies and percentages. Comparative analyses were performed using Chi-square or Fisher’s exact tests for
categorical variables and Student’s #-test or Mann—Whitney U-test for continuous variables. Multivariable logistic
regression analysis was employed to identify independent predictors of mortality, reporting odds ratios with 95%
confidence intervals. A p-value <0.05 was considered statistically significant. Statistical analyses were conducted
using (SPSS Version 26).

Results

Our single-center retrospective study meticulously dissected the clinical trajectories of kidney transplant recipients
affected by COVID-19, aiming to illuminate the clinical characteristics and determinants of mortality within this
vulnerable cohort. The study encompassed a total of 115 patients, with a demarcation into survivors (103) and non-
survivors (12), enabling a granular analysis of demographic data, clinical presentations, and laboratory markers.

Baseline Characteristics of Patients Infected with Covid-19 After Kidney

Transplantation

The cohort was predominantly male, with 92 out of 115 participants (80%) being male. This included 81 males (78.6%)
in the survival group and 11 males (91.7%) in the non-survival group. The age range of the participants was between 23
and 63 years, with a mean age of 41 years. There was no statistically significant difference in age between the survival
and non-survival groups (P=0.989). Regarding gender distribution, as mentioned, males constituted the majority of the
study population, comprising 80% of the cases. The survival group had a slightly lower percentage of males (78.6%)
compared to the non-survival group (91.7%), though this difference was not statistically significant. The Body Mass
Index (BMI) of participants also showed no significant difference between the two groups, with values of 22.684+3.12 in
the survival group versus 22.5543.25 in the non-survival group (P=0.886). This indicates that BMI was not
a discriminating factor for survival outcomes in this cohort. The average time from renal transplantation to COVID-19
infection was 49 months, with no significant difference observed between the survival (49.78+45.82 months) and non-
survival groups (44.64+42.14 months, P=0.612). This suggests that the duration since transplantation did not significantly
impact the likelihood of survival post-COVID-19 infection. Comorbidities were common among participants. In the
survival group, hypertension was present in 53 patients (52.5%), and diabetes in 17 patients (16.5%). The non-survival
group had a higher proportion of patients with hypertension (58.3%) and diabetes (41.7%), indicating a trend towards
more severe comorbid conditions in those who did not survive, although the small sample size warrants caution in
interpretation. Vaccination status showed that out of the total participants, 23 patients (20%) had received at least one
dose of a COVID-19 vaccine. Within this subset, the survival group included 19 vaccinated individuals (18.4%), whereas
the non-survival group had 4 (33.3%). This data suggests a potential impact of vaccination on survival, though the
differences were not statistically analyzed for significance. Out of the 115 patients, 9 received kidneys from deceased
donors. Specifically, 8 patients in the survival group and 1 patient in the non-survival group had kidneys from deceased
donors. Upon statistical review, we did not uncover any significant differences in outcomes between these two groups.
Table 1 shows the demographic characteristics the patients.
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Table | Patients’ Demographic Characteristics

All Patients (115) | Survivors (n=103) | Non-Survivors (n=12) | P-value

Sex 0.725

Male 92 (80) 8l (78.6) I 91.7)

Female 23 (20) 22 (21.4) 1 (8.3)
Age (year) 41.83%9.17 41.89+9.46 41.25+6.41 0.989
Time of post-transplant 49.24+45.30 49.78+45.82 44.64+42.14 0.612
BMI 22.68%3.12 22.70+3.12 22.55+3.25 0.8856
Comorbid diseases

Hypertension 60 (52.2) 53 (52.5) 7 (58.3) 0.884

Diabetes 22 (19.1) 17 (16.5) 5 (41.7) 0.083
Vaccinated 23 (20) 19 (18.4) 4 (333) 0.382
Donor type 0.924

LD 106 (92.2) 95 (92.2) I (91.7)

DD 9(7.8) 8 (7.8) 1 (8.3)

Notes: p-values compared survivors and non-survivors. Data were presented as n (%) or Mean * SD.
Abbreviations: BMI, Body Mass Index; LD, Live Donors; DD, Deceased Donors.

Laboratory Results During Hospitalization

The laboratory results of the study participants upon admission, and at 3 and 7 days post-admission, reveal several key
findings: Initially, there was no significant difference in leucocyte counts between survivors and non-survivors. However,
neutrophil percentages were significantly higher in survivors by day 3 (p<0.001), indicating a potentially stronger innate
immune response. The lymphocyte percentage, inversely related to outcomes, was lower in non-survivors by day 7 (p<0.001),
suggesting that lymphopenia could be associated with worse outcomes. Serum C-reactive protein (CRP) levels were
significantly higher in non-survivors by day 3 and continued to rise, highlighting inflammation’s role in severity. Similarly,
procalcitonin (PCT) levels were elevated in non-survivors, pointing to bacterial co-infections or a severe systemic response.
Serum creatinine levels were significantly higher in non-survivors (p=0.003), indicating renal impairment or failure as
a critical factor in mortality. Hemoglobin levels and platelet counts, though initially not significantly different, showed
disparities by day 7, with non-survivors experiencing worsening anemia and thrombocytopenia. A significant increase in
combined bacterial infections was observed in non-survivors during hospitalization (21 cases, 18.3% overall, p<0.001),
suggesting a correlation between secondary infections and increased mortality risk. Out of the total cohort, there was one case
of bloodstream infection in the non-survivor group, which was a concurrent bacterial infection that contributed to the patient’s

demise due to septic shock. Table 2 shows the laboratory results during hospitalization.

Table 2 Patients’ Laboratory Results

All Patients | Survivors Non-Survivors | P-value
Laboratory results at admission

Leucocyte count (¥10%/L) 5.79+3.72 5.62+2.77 7.28+8.32 0.756
Neutrophil Percentage (%) 82.62+11.20 82.91+9.39 80.13+21.78 0.763
Monocyte Percentage (%) 6.41+3.75 6.52+3.79 5.52+3.42 0.470
Lymphocyte Percentage (%) 10.68+9.65 10.31+6.95 13.89+22.64 0.456
Hemoglobin (g/L) 104+25 106+24 93+28 0.168
Platelet count (*10%/L) 15360 15659 127+66 0.119
Serum CRP (mg/L) 37.58+33.11 39.96+34.60 61.14x41.77 0.090
Serum PCT (ng/mL) 0.38+1.38 0.25+0.32 1.86+4.61 0.314
Serum Albumin (g/L) 34.03+4.54 34.01+4.13 34.2047.32 0.552
Serum creatinine (mg/L) 195£153 177122 345+274 0.003
Serum D-dimer (ugm/L) 1.26£1.59 1.10£1.11 2.64+3.55 0.179

(Continued)
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Table 2 (Continued).

All Patients Survivors Non-Survivors | P-value
Laboratory results at 3d after admission
Leucocyte count (*10%/L) 9.57+5.36 9.60+5.26 9.35+6.38 0.666
Neutrophil Percentage (%) 85.14+9.31 91.93+2.89 85.91+9.07 <0.001
Monocyte Percentage (%) 6.30£3.21 6.61£3.18 3.90+2.43 <0.001
Lymphocyte Percentage (%) 7.48+6.53 7.92+6.76 4.05+2.60 0.043
Hemoglobin (g/L) 102+23 103£22 88+27 0.092
Platelet count (¥10%/L) 17675 180+73 14381 0.183
Serum CRP (mg/L) 25.66+32.79 18.90+20.75 89.95+54.03 <0.001
Serum PCT (ng/mL) 0.29+1.04 1.16x0.12 1.11+3.46 0.039
Laboratory results at 7d after admission
Leucocyte count (*10%/L) 8.80+4.57 8.53+3.74 10.57+8.27 0.949
Neutrophil Percentage (%) 82.68+8.92 81.60+8.72 90.02+6.72 <0.001
Monocyte Percentage (%) 7.85+3.77 8.08+3.53 6.29+5.07 0.075
Lymphocyte Percentage (%) 9.05+6.49 9.86+6.47 3.56+3.09 <0.001
Hemoglobin (g/L) 100421 102+20 83+22 0.010
Platelet count (*10%/L) 184+78 194£75 120£71 <0.001
Serum CRP (mg/L) 26.00+53.60 14.34+24.18 107.65+110.77 <0.001
Serum PCT (ng/mL) 0.44%1.57 0.22+0.14 0.26+4.93 0.173
Combined bacterial infection 21 (18.3) 12 (11.8) 9 (75) <0.001

Multivariate Logistic Regression Analysis
Our multivariate analysis identified several significant predictors of mortality among kidney transplant recipients who
contracted COVID-19. Elevated serum C-reactive protein (CRP) levels at both 3 days (OR = 2.48, 95% CI: 2.18-2.79,
p<0.001) and 7 days (OR =3.06, 95% CI: 2.81-3.31, p<0.001) post-admission were associated with an increased risk of death.
This suggests that higher inflammation levels, as indicated by CRP, significantly exacerbate mortality risk. The odds ratio
(OR) of 2.48 for CRP at 3 days indicates that patients with elevated CRP levels are approximately 2.5 times more likely to die
compared to those with lower levels, underlining the impact of systemic inflammation on patient outcomes. Furthermore, the
presence of a combined bacterial infection was another significant predictor (OR = 1.94, 95% CI: 1.70-2.18, p<0.001),
indicating nearly double the risk of mortality for affected individuals. Hemoglobin levels at 7 days post-admission also
emerged as a critical factor (OR = 0.66, 95% CI: 0.42—0.90, p<0.001), suggesting that lower hemoglobin levels are associated
with a higher risk of death. Table 3 shows the results of multivariate logistic regression analysis.

Table 3 Multivariate Analysis of Mortality Risk Factors for Retal Transplant

Recipients
Feature Odds Ratio | ClI Lower | Cl Upper | P-value
Neutrophil Percentage (3d) 1.55 —2.49 5.58 0.66
Lymphocyte Percentage (3d) 0.63 -2.37 3.63 0.53
Monocyte Percentage (3d) 0.76 —0.69 222 0.43
Neutrophil Percentage (7d) 1.63 1.09 2.17 0.16
Lymphocyte Percentage (7d) 0.61 0.07 1.15 0.14
Hemoglobin (7d) 0.66 0.42 0.90 <0.001
Platelet count (7d) 0.75 0.52 0.98 0.029
Serum CRP (3d) 248 2.18 2.79 <0.001
Serum CRP (7d) 3.06 2.8l 3.31 <0.001
Serum PCT (3d) 1.17 0.92 1.43 0.427
Combined bacterial infection 1.94 1.70 2.18 <0.001

Notes: Data were presented as n (%) or Mean * SD. Bold indicates statistically significant associations (p < 0.05).
Abbreviations: CRP C-reaction protein; PCT Procalcitonin; p-values compared survivors and non-survivors.

Abbreviations: CRP C-reaction protein; PCT Procalcitonin. Bold indicates statistically significant

associations (p < 0.05).
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Discussion

This study retrospectively explores the clinical outcomes of COVID-19 in kidney transplant recipients, with a particular
focus on the clinical characteristics and risk factors associated with mortality. Through descriptive analysis, univariate
analysis, and multivariate logistic regression, we have identified key factors that influence outcomes in this vulnerable
population. Our findings on elevated CRP levels, serum creatinine, and the impact of bacterial coinfections not only
provide insights into the pathophysiology of COVID-19 in transplant recipients but also offer a comparison point with
existing studies, highlighting unique challenges and considerations for this group.

In our single-center study, we observed a 10.4% mortality rate among kidney transplant recipients who infected by
COVID-19. This finding is significantly higher than the reported mortality rate of 0.5-1.0% in the general population
infected with COVID-19.%'>' Demir et al reported a similar mortality rate of 9.9% among kidney transplant recipients
during the COVID-19 pandemic.'” The increased mortality rate in kidney transplant recipients can be attributed to
several factors. First, kidney transplant recipients are immunosuppressed to prevent organ rejection.'® This immunosup-
pression renders them more susceptible to infections, including COVID-19."” Second, kidney transplant recipients often
have underlying medical conditions, such as diabetes, hypertension, and cardiovascular disease, which can increase the
risk of severe COVID-19.2%2" Third, kidney transplant recipients may experience delayed diagnosis and treatment of
COVID-19 due to their immunosuppressed status. This can lead to more severe disease progression and higher mortality
rates.”” A study by Wu et al found that the median time from symptom onset to diagnosis was longer in kidney transplant
recipients with COVID-19 than in non-transplant patients with COVID-19.%

The vaccination rate among renal transplant recipients in our study was observed to be 21%, markedly lower than the
reported national coverage in China, which stood at 89.54% for full vaccination and 91.89% for at least one dose as of
February 2023. This contrast emphasizes the vaccination hesitancy or barriers faced by immunocompromised patients,
despite the proven benefits of vaccination in reducing COVID-19 severity and mortality.>**> In comparison, a study
conducted in the United States found that only 41% of immunocompromised individuals received four doses of mRNA
COVID-19 vaccine, with uptake of a fifth dose at just 0.9%.%° This indicates a global challenge in achieving optimal
vaccination rates among immunocompromised populations, including those with cancer, organ transplant recipients, and
patients with immune-mediated inflammatory disorders.

Notably, our findings reveal no significant differences in initial laboratory parameters including levels of C-reactive
protein (CRP) and procalcitonin (PCT) between the two groups of patients upon admission. However, significant
differences were observed on the 3rd and 7th day post-admission, particularly with CRP levels, which emerged as an
independent risk factor for mortality in multivariate analysis. The absence of early differences in inflammatory markers
between the groups suggests a similar initial immune response to COVID-19 infection among kidney transplant
recipients. This finding aligns with early observations in the general population, indicating that the initial immune
response may not significantly differ in immunocompromised individuals.?’>° However, the subsequent divergence in
CRP levels on the 3rd and 7th day highlights a critical period where the inflammatory response, and possibly the viral
replication dynamics, could differ significantly in patients leading to varied outcomes.’® Our results underscore the
prognostic value of CRP as an indicator of disease severity and mortality risk in this patient population. Elevated CRP
levels have been widely recognized as markers of inflammation and have been linked to poor outcomes in various
infectious diseases, including COVID-19.*'*? In the context of kidney transplant recipients, the heightened inflammatory
response indicated by rising CRP levels may reflect a combination of viral pathogenicity and the unique immunological
landscape of these patients, which could exacerbate disease severity.>*** Moreover, the identification of CRP levels on
the 3rd and 7th day as independent risk factors for mortality provides valuable insights for clinical management. It
suggests that close monitoring of CRP levels during this critical period could aid in early identification of patients at
higher risk of adverse outcomes, thereby facilitating timely interventions.

Although there was no statistically significant relationship between Lymphocyte Percentage, Neutrophil Percentage,
and Monocyte Percentage and mortality in the multifactorial analysis, we observed that these indices were significantly
lower in the patients in the mortality group than in the patients in the non-mortality group. This finding beckons an in-
depth exploration into the potential underlying biological mechanisms. The observed reduction in immune cell ratios,
particularly lymphocytes, neutrophils, and monocytes, suggests a compromised immune system, which plays a pivotal
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role in defending the body against infections and malignancies.® Specifically, the decreased lymphocyte count could
signal an impaired capacity to combat infectious agents and tumor cells.*® Simultaneously, a reduction in neutrophil and
monocyte ratios may indicate a weakened inflammatory response, crucial for the initial defense against pathogens and for
orchestrating an effective immune response.>’~® Furthermore, the diminished Neutrophil Percentage, by reflecting an
inadequate inflammatory response, might impair the clearance of pathogens and necrotic tissues, potentially exacerbating
patient mortality and facilitating disease progression.*® This scenario underscores the importance of further research into
how variations in these immune parameters can influence patient outcomes, providing insights into the complex interplay
between immune response efficiency and clinical prognosis in life-threatening conditions.

The observed significant reduction in hemoglobin and platelet levels by the 7th day of hospitalization in the non-survivor
group among kidney transplant recipients with COVID-19, and their identification as independent risk factors for mortality.
The association between lower hemoglobin levels and increased mortality risk in COVID-19 patients, including those with
kidney transplants, can be multifactorial.***' Hemoglobin, the oxygen-carrying component of red blood cells, is crucial for
tissue oxygenation. Its reduction could indicate several underlying conditions, such as anemia of chronic disease, hemolysis,
or bleeding, which may be exacerbated by the systemic inflammation and immune dysregulation caused by SARS-CoV-2
infection.*” Furthermore, reduced hemoglobin levels may impair oxygen delivery to tissues, exacerbating hypoxia, a critical
determinant of COVID-19 severity.*> In the context of kidney transplantation, medications, underlying chronic kidney
disease, or the infection itself could contribute to anemia, highlighting the need for careful management of these patients.
Similarly, low platelet levels, observed in the non-survivor group, is a significant finding. Platelets play a vital role in
hemostasis and are also involved in the immune response to infections.** Thrombocytopenia in COVID-19 patients has been
associated with increased disease severity and mortality, potentially reflecting a heightened state of systemic inflammation,
endothelial dysfunction, and coagulopathy commonly observed in severe infections.*>*® This condition can lead to dissemi-
nated intravascular coagulation (DIC), contributing to organ failure and adverse outcomes. The interaction between the virus,
immune system, and endothelium, especially in immunosuppressed individuals such as kidney transplant recipients, might
further amplify these effects, underscoring the importance of monitoring and managing these parameters closely.*”*® Given
these observations, it is imperative to closely monitor hemoglobin and platelet levels in kidney transplant recipients with
COVID-19, as changes in these parameters may serve as early indicators of disease progression towards severe outcomes.

The study, while providing valuable insights into the outcomes of renal transplant recipients infected with COVID-19, is
subject to several limitations that merit consideration. First, the research is confined to a single large teaching hospital, which
may impact the generalizability of the findings to different healthcare settings or populations. This constraint could limit the
applicability of the results to broader, more diverse cohorts. Second, the retrospective nature of the study introduces inherent
limitations related to the accuracy and completeness of medical records. The potential for biases in data recording and the
challenge of controlling for all confounding variables might affect the robustness of the conclusions. Lastly, the sample size of
115 participants, though substantial, may not fully capture the variability and nuances of clinical outcomes in this patient
population. A larger, more diverse cohort could enhance the validity of the findings and allow for a more detailed analysis of
factors influencing mortality and morbidity in renal transplant recipients following COVID-19 infection.

Conclusion

In conclusion, this study underscores the complex interplay of systemic inflammation, renal impairment, and bacterial
coinfections in determining the outcomes of COVID-19 in kidney transplant recipients. By comparing our findings with
existing literature, we highlight both the challenges and the opportunities for optimizing the care of this vulnerable
population. As the global medical community continues to navigate the COVID-19 pandemic, the insights from this
study will be crucial in guiding clinical management and shaping future research directions.

Ethics Approval and Consent to Participate

The ethical approval for this investigation was obtained from the Medical Research Ethics Committee of the First
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