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Background

China experienced a surge of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron variants after adjusting its zero-coronavirus disease 2019 (COVID-19) policy. Although infections with Omicron variants are generally less severe than infections with previous SARS-CoV-2 variants, the clinical characteristics, persistent symptoms, and antibody responses in solid carcinoma patients (SCPs) with COVID-19 during the Omicron wave are unclear.





Methods

We conducted a cross-sectional study in April 2023, recruiting healthy controls (HCs) from the community and SCPs from Zhejiang Provincial People’s Hospital. Serum samples were collected, and a questionnaire was used to assess SARS-CoV-2 infection status, including demographic characteristics, clinical manifestations, and “long COVID” symptoms. Humoral immune responses were analyzed by enzyme-linked immunosorbent assays (ELISAs) targeting immunoglobulin G (IgG) antibodies against the receptor-binding domain (RBD; Omicron BA.4/5) protein and cell culture-based neutralization assays against Omicron variants (BA.4/5, BF.7, XBB.1.5, and EG.5).





Results

In total, 298 SCPs and 258 HCs were enrolled. Self-reported COVID-19 case rates were significantly lower in SCPs than in HCs (78.5% vs. 93.8%, P<0.001). Common COVID-19 symptoms were similar between the two groups, primarily comprising general (92.6% vs. 84.9%) and respiratory symptoms (51.9% vs. 48.2%) after acute infection. There was no significant difference in persistent symptoms at 1–3 months post-infection (P=0.353); fatigue was the most common symptom (45.0% vs. 44.8%). SCPs exhibited lower anti-RBD-IgG titers compared with HCs (1.061 vs. 1.978, P=0.001). The 50% pseudovirus neutralization titer (pVNT50) values for prevalent Omicron strains (BA.4/5 and BF.7) were lower in SCPs than in HCs (621.0 [288.8, 1333.0] vs. 894.1 [458.5, 1637.0] and 529.6 [215.3, 1264.5] vs. 463.1 [185.2, 914.0], respectively). Levels of antibodies against subsequent variants (XBB.1.5 and EG.5) also were reduced. There were no significant differences among carcinoma types in the levels of antibodies against Omicron variants. However, SCPs who received the SARS-CoV-2 vaccine or had COVID-19 during the Omicron wave displayed higher antibody levels.





Conclusions

This study elucidated the clinical and immunological characteristics of SCPs during the Omicron wave in China after the shift away from a zero-COVID-19 policy. Our findings provide insights regarding factors that influence COVID-19 symptoms and antibody levels in this population.
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1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been a global health crisis involving widespread economic and social disruption, with over 760 million infections and 6.92 million deaths (1, 2). First detected in South Africa on November 9, 2021, the Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) rapidly spread worldwide due to its enhanced transmissibility and immune evasion capabilities (3). At the end of 2022, the Chinese government implemented a dynamic zero-COVID-19 strategy for COVID-19, although all Omicron variants have reduced the pathogenicity, but still a large number of patients infected with BA.5.2 and BF (4). In China, after the policy adjustments for COVID-19, there was a rapid increase in the number of individuals infected with the SARS-CoV-2 (5–7). In the meantime, China’s new ten policies (8) signify a societal reopening during the COVID-19 pandemic, aiming to mitigate its impact on the economy and society.

Among vulnerable populations, solid carcinoma patients have particularly high risks because of their compromised immune systems, which often result from the disease itself or associated treatments. The onset of COVID-19 can further exacerbate their existing conditions (9). Previous studies have shown that, compared with the general population, carcinoma patients exhibit higher risks of severe illness and mortality after contracting SARS-CoV-2 (10–13). A systematic meta-analysis of 14 studies, involving 62,000 COVID-19 patients in various countries, revealed a carcinoma incidence of 6%, significantly higher than the incidence of 0.2% observed in the general population (14). Another meta-analysis of 12,526 Chinese COVID-19 patients showed that carcinoma was a more prevalent comorbidity in those patients than in the general population (15).

Regarding symptoms after COVID-19, a study conducted in Italy revealed that common symptoms included cough, fever, dyspnea, musculoskeletal symptoms (e.g., myalgia, joint pain, and fatigue), gastrointestinal symptoms, and loss of appetite (16). In most cases, vaccinated carcinoma patients with COVID-19 experienced mild symptoms, primarily cough, sputum production, and fever (3, 17). In addition to acute symptoms, “long COVID” has received considerable attention; the reported prevalence of persistent symptoms after contracting COVID-19 ranges from 32.6% to 87% (18). Fatigue and post-exertional malaise are the most common symptoms in individuals with long COVID (19). Notably, antibody stability after contracting COVID-19 appears to be more robust than the stability induced by vaccination (20). Several studies have shown that the vast majority of carcinoma patients develop SARS-CoV-2-specific antibodies after infection, resulting in substantially elevated antibody levels (21). However, more recent findings indicate substantial immune escape for Omicron subvariants, resulting in decreased neutralizing titers associated with mutations in the spike protein (22).

Given the ongoing COVID-19 pandemic and the increased vulnerability of carcinoma patients to severe illness and mortality, it is essential to understand the clinical characteristics of these patients, as well as their immune responses to COVID-19. Specifically, there is a need to investigate differences in immune responses and clinical outcomes between solid carcinoma patients and healthy controls. Accordingly, this study analyzed clinical characteristics, immune responses, and long COVID symptoms in solid carcinoma patients, then compared the findings with data from healthy controls, to provide a comprehensive understanding of the impact of the Omicron wave on this vulnerable population.




2 Materials and methods



2.1 Study design and participants

This cross-sectional study was conducted in Hangzhou, Zhejiang Province, China, from December 2022 to April 2023, after the wave of the COVID-19 pandemic within China. The study enrolled patients aged 18 and older who had been diagnosed with various types of solid carcinoma at Zhejiang Provincial People’s Hospital; the included carcinoma types were lung, digestive (colorectal, gastric, pancreatic, esophageal, and biliary tract), liver, breast, thyroid, prostate, and other (pituitary, head and neck, ovarian, bladder, renal, ureteral, acoustic neuroma, and uterine). Healthy controls undergoing health examinations at West Lake Community Health Center in Zhejiang Province were selected through sample matching. Blood samples were collected from all participants at both Zhejiang Provincial People’s Hospital and West Lake Community Health Center beginning in April 2023. Most participants had either received 1–3 doses of a COVID-19 vaccine or remained unvaccinated between December 2020 and January 2023 as part of a special population vaccination program. A telephone questionnaire survey was conducted from May to June 2023 to assess the participants’ symptoms after contracting COVID-19. Detailed demographic characteristics and relevant information were also collected from the hospital’s electronic medical record system (Figure 1).




Figure 1 | Study design.






2.2 Immunological and antibody assessments

In this study, a pseudovirus assay was used to assess the neutralizing antibody potencies of serum samples against SARS-CoV-2 Omicron BA.4/5, BF.7, XBB.1.5, and EG.5 strains of pseudovirus (23). To prepare pseudoviruses, spike proteins with an 18-amino acid deletion from the C-terminus of SARS-CoV-2 PT (Wuhan-1 reference strain, GISAID: EPI_ISL_402119) and the spike protein of each Omicron subvariant were cloned into the pCAGGS vector. Codon optimization was performed to ensure plasmid compatibility with mammalian cell expression, and 30 μg of each construct were transfected into HEK-293T cells. VSV-ΔG-GFP pseudotyped virus was added 24 h after transfection. After 2 h of infection, the VSV-ΔG-GFP residues were removed by changing the medium to fresh complete DMEM medium. After 2 h of infection, the VSV-ΔG-GFP residues were removed by replacing the medium with fresh complete DMEM medium containing anti-VSV-G antibodies (I1-Hybridoma-CRL2700™, ATCC). After incubation for 30 h at 37°C, the supernatants were collected, filtered through a 0.45-μm filter (Cat#SLHP033RB, Millipore), aliquoted, and stored at -80°C. For the pseudovirus neutralization assay, serum samples were initially diluted to 1:8, then the samples were serially diluted two-fold on a 96-well plate. A SARS-CoV-2 pseudotyped virus was added and incubated with the diluted serum for 1 h at 37°C. The mixture was then added to a 96-well plate containing Vero cells. After an additional 20 h of incubation, the number of transducing units (TUs) was determined using the EVOS M7000 Automated Live Cell Fluorescence Imaging System (Thermo Fisher Scientific) in conjunction with ImageJ software. The median serum dilution that neutralized 50% of the virus (pVNT50) was calculated by nonlinear regression using GraphPad Prism software. The geometric mean titers (GMTs) of SARS-CoV-2 Omicron variant results are presented as pVNT50 titers.

Serum IgG antibodies (from convalescent serum samples) that bind to the SARS-CoV-2 receptor-binding domain (RBD; Omicron BA.4/5) protein were measured using an enzyme-linked immunosorbent assay kit (24). Recombinant RBD (Omicron BA.4/5) protein, identical in amino acid sequence to the target antigen, was coated onto the wells of an enzyme plate. One well served as a blank control (no reagents added), whereas 100 μl of positive and negative controls and diluted samples were added to their respective wells. The plate was sealed and placed in a constant temperature incubator at 37°C for 1 h. If IgG antibodies were present in the sample, they would bind to the pre-coated antigen. Each well was then washed five times with at least 300 μl of washing solution for 30 s each time to remove unbound substances. One hundred microliters of enzyme reagent were added to each well; the plate was then sealed and placed in a constant temperature incubator at 37°C for 30 min. After an additional washing step, a color development solution containing tetramethylbenzidine (TMB) was added to each well, and the plate was placed in a constant temperature incubator at 37°C in the dark for 15 min to allow color development. Finally, 50 μl of stop solution was added to each well to terminate the reaction, and the absorbance (OD450-630) values were read at wavelengths of 450 nm and 630 nm. The anti-RBD-IgG (Omicron BA.4/5) titer results are presented as OD450-OD630.




2.3 Statistical analysis

Demographic characteristics and symptoms after SARS-CoV-2 infection were collected for both solid carcinoma patients and healthy controls. Categorical variables, such as sex and age, are presented as numbers (percentages); they were analyzed using Pearson’s Chi-squared test or Fisher’s exact test. Continuous variables, such as pVNT50, are expressed as the median (interquartile range) [M (P25, P75)] for non-normally distributed data. Multiple independent groups meeting normality and homogeneity of variance assumptions were compared using one-way analysis of variance (ANOVA). Non-parametric Kruskal–Wallis and Mann–Whitney U tests were used for continuous variables that did not follow a normal distribution. Binary logistic regression and multiple linear regression were utilized for multifactorial analysis. All statistical tests were two-sided, and P-values <0.05 were considered statistically significant. All analyses were conducted using R version 4.3.1 (R Foundation for Statistical Computing) and GraphPad Prism 9 software.





3 Results



3.1 Demographic characteristics

This study included 298 solid carcinoma patients and 258 healthy controls. The participants’ demographic characteristics are presented in Table 1. Among the solid carcinoma patients, there were 138 men (46.3%) and 160 women (53.7%), whereas the healthy controls comprised 114 men (44.2%) and 144 women (55.8%). Regarding age, 117 solid carcinoma patients (39.3%) were aged 18–59 years, and 181 (60.7%) were aged ≥60 years. Among the healthy controls, 76 (29.5%) were aged 18–59 years and 182 (70.5%) were aged ≥60 years. The proportion of participants aged 18–59 years was significantly greater among solid carcinoma patients than among healthy controls (P=0.015). In terms of body mass index (BMI), 66 carcinoma patients (22.1%) and 188 healthy controls (72.9%) had a BMI <25 kg/m2; 19 carcinoma patients (6.4%) and 69 healthy controls (26.7%) had a BMI ≥25 kg/m2; 213 carcinoma patients (71.5%) and 1 healthy controls (0.4%) had unknown BMI. Regarding COVID-19 vaccination status, 177 solid carcinoma patients (59.4%) had received the vaccine, whereas 121 (40.6%) had not. Among the healthy controls, 256 (99.2%) had received the vaccine and two (0.8%) had not. The proportion of unvaccinated individuals was significantly greater among solid carcinoma patients than among healthy controls (P<0.001). Among the solid carcinoma patients, 22 had lung carcinoma (7.4%), 83 had digestive carcinoma (27.9%), 21 had liver carcinoma (7.0%), 50 had breast carcinoma (16.8%), 21 had thyroid carcinoma (7.0%), 32 had prostate carcinoma (10.7%), and 70 had other carcinomas (23.5%).


Table 1 | Participant demographic characteristics.






3.2 Analysis of COVID-19 clinical characteristics and associated factors



3.2.1 Clinical characteristics of COVID-19 in solid carcinoma patients and healthy controls

After the 2022.12-2023.4 wave of the COVID-19 pandemic in China, we conducted a questionnaire to assess COVID-19 status among the study participants (Table 2). In terms of general symptoms after contracting COVID-19, 50 solid carcinoma patients (92.6%) and 169 healthy controls (84.9%) experienced systemic symptoms; the difference was not statistically significant (P=0.143). Respiratory symptoms were reported by 28 solid carcinoma patients (51.9%) and 96 healthy controls (48.2%); the difference was not statistically significant (P=0.638). Digestive tract symptoms were observed in five solid carcinoma patients (9.3%) and 10 healthy controls; this difference also was not statistically significant (P=0.399). However, 38 solid carcinoma patients (76.0%) and 95 healthy controls (54.6%) experienced fever with a body temperature ≥38°C (P=0.007). Regarding muscle soreness, 26 solid carcinoma patients (48.1%) reported this symptom; although this proportion was greater than that among healthy controls (73, 36.7%), the difference was not statistically significant (P=0.126). Concerning the timing of recovery after contracting COVID-19, nine solid carcinoma patients (16.7%) and 43 healthy controls (22.6%) experienced symptoms for ≥1 week; again, the difference was not statistically significant (P=0.354). In terms of medical visits after contracting COVID-19, 11 solid carcinoma patients (20.4%) and 34 healthy controls (17.8%) sought medical care; this difference was not statistically significant (P=0.667).


Table 2 | Symptoms of COVID-19.






3.2.2 Factors influencing COVID-19 onset

In the single-factor analysis of solid carcinoma patients, 159 individuals (89.8%) who received the SARS-CoV-2 vaccine and 75 unvaccinated individuals (62.0%) contracted COVID-19; this difference was statistically significant (P<0.01) (Table 3). The main independent variables in multifactorial analysis were the presence of COVID-19 and associated symptoms (general, respiratory, digestive, fever, and muscle soreness); the dependent variables were sex, age, body mass index, vaccination status, and malignancy type. The likelihood of contracting COVID-19 was significantly higher among participants who received the SARS-CoV-2 vaccine than among unvaccinated participants (odds ratio (25)=91.5; 95% confidence interval, 2.0–4086.5) (Supplementary Table 1).


Table 3 | Associations between participant characteristics and COVID-19 symptoms in solid carcinoma patients.







3.3 Analysis of immunogenicity



3.3.1 SARS-CoV-2 antibody levels in solid carcinoma patients and healthy controls

Regarding IgG antibody levels against the SARS-CoV-2 RBD (Omicron BA.4/5) protein, solid carcinoma patients who contracted COVID-19 had a value of 1.1 (0.5, 2.2), whereas patients who did not contract COVID-19 had a value of 0.1 (0.0, 0.1); this difference was statistically significant (P<0.001). Among healthy controls, the values for those who did and did not contract COVID-19 were 2.0 (1.0, 2.4) and 0.1 (0.1, 0.1), respectively; again, the difference was statistically significant (P<0.001). Among individuals with SARS-CoV-2 infection, neutralizing antibody levels were significantly lower in solid carcinoma patients than in healthy controls (P=0.0001) (Figure 2).




Figure 2 | Levels of IgG antibodies against SARS-CoV-2 RBD (Omicron BA.4/5) protein in solid carcinoma patients and healthy controls. This figure compares the anti-RBD-IgG (BA.4/5) titers in SARS-CoV-2 infected and uninfected individuals for both solid carcinoma patients and healthy controls. The anti-RBD-IgG titers are presented as absorbance (OD450-630); the values were read at wavelengths of 450 nm and 630 nm. Statistical analyses were conducted using the Kruskal–Wallis test. ns, not significant; *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.



Neutralization testing against SARS-CoV-2 Omicron subvariants (BA.4/5, BF.7, XBB.1.5, and EG.5) in solid carcinoma patients and healthy controls with COVID-19 was conducted using pseudoviruses (Figure 3). Among solid carcinoma patients, the GMTs of pVNT50 were 621.0 (288.8, 1333.0), 529.6 (215.3, 1264.5), 66.1 (17.8, 201.1), and 38.6 (21.7, 67.8) for BA.4/5, BF.7, XBB.1.5, and EG.5, respectively. Statistically significant differences were observed between BA.4/5 and XBB.1.5/EG.5 (P<0.001), BF.7 and XBB.1.5/EG.5 (P<0.001), and XBB.1.5 and EG.5 (P=0.0006). Among healthy controls, the GMTs of pVNT50 were 894.1 (458.5, 1637.0), 463.1 (185.2, 914.0), 59.3 (29.0, 163.6), and 106.8 (61.2, 217.3) for BA.4/5, BF.7, XBB.1.5, and EG.5, respectively. Significant differences were evident between BA.4/5 and XBB.1.5/EG.5 (P<0.001), BF.7 and XBB.1.5/EG.5 (P<0.001), and XBB.1.5 and EG.5 (P=0.0015). Among all individuals with COVID-19, solid carcinoma patients and healthy controls showed a significant difference in the GMT of pVNT50 for EG.5 (P<0.001).




Figure 3 | pVNT50 against SARS-CoV-2 variants in solid carcinoma patients and healthy controls. This figure presents the pVNT50 against Omicron variants (BA.4/5, BF.7, XBB.1.5, and EG.5) in SARS-CoV-2 infected solid carcinoma patients and healthy controls. Statistical analyses were conducted using the Kruskal–Wallis test. ns, not significant; *P<0.05;**P<0.01;***P<0.001; ****P<0.0001.



The GMTs of pVNT50 against Omicron BA.4/5, BF.7, XBB.1.5, and EG.5 variants were tested in healthy controls and patients with different types of solid carcinoma (e.g., lung, digestive, liver, breast, thyroid, prostate, and other) (Figure 4). Regarding BA.4/5 antibody levels, digestive carcinoma showed the highest pVNT50 (614.6 [196.0, 1398.0]), followed by liver carcinoma (593.9 [266.7, 1194.5]); prostate carcinoma displayed the lowest pVNT50 (258.1 [80.9, 1023.8]). Concerning BF.7 antibody levels, other carcinomas showed the highest pVNT50 (503.9 [115.7, 1223.0]), followed by liver carcinoma (492.7 [258.3, 1254.6]); lung carcinoma displayed the lowest pVNT50 (191.3 [12.9, 747.2]). In terms of XBB.1.5 antibody levels, liver carcinoma showed the highest pVNT50 (91.2 [33.7, 226.5]), followed by digestive carcinoma (78.7 [5.8, 233.0]); breast carcinoma displayed the lowest pVNT50 (19.3 [4.0, 99.8]). With respect to EG.5 antibody levels, other carcinomas showed the highest pVNT50 (41.0 [19.6, 71.1]), followed by prostate carcinoma (37.0 [15.8, 55.3]); lung carcinoma displayed the lowest pVNT50 (21.7 [4.0, 81.6]) (Figure 4).




Figure 4 | pVNT50 against Omicron variants in patients with different types of solid carcinoma. This figure illustrates the pVNT50 against Omicron variants (BA.4/5, BF.7, XBB.1.5, and EG.5) in patients with various types of solid carcinoma (lung, digestive, liver, breast, thyroid, prostate, and other). Statistical analyses were conducted using the Kruskal–Wallis test.






3.3.2 Factors influencing SARS-CoV-2 antibody levels

In the single-factor analysis of IgG antibody levels against the SARS-CoV-2 RBD (Omicron BA.4/5) protein in solid carcinoma patients, levels were significantly higher among vaccinated individuals (1.3 [0.5, 2.3]) than among unvaccinated individuals (0.3 [0.1, 0.7]) (P<0.001). Similarly, BA.4/5 antibody levels were significantly higher among vaccinated patients (708.9 [263.5, 1413.0]) than among unvaccinated patients (295.1 [97.8, 780.1]) (P<0.001). BF.7 antibody levels also were significantly higher among vaccinated patients (431.7 [151.9, 1010.5]) than among unvaccinated patients (273.9 [53.2, 1052.2]) (P=0.042). Furthermore, solid carcinoma patients who contracted COVID-19 had significantly higher IgG antibody levels against the SARS-CoV-2 RBD (Omicron BA.4/5) protein (1.1 [0.5, 2.2]) compared with the levels in patients who did not contract COVID-19 (0.1 [0.0, 0.1]) (P<0.001). BA.4/5 antibody levels were significantly higher among patients with COVID-19 (621.0 [288.8, 1333.0]) than among patients who did not develop COVID-19 (122.8 [33.7, 329.9]) (P<0.001). Similarly, BF.7 antibody levels were significantly higher among patients with COVID-19 (529.6 [215.3, 1264.5]) than among patients who did not develop COVID-19 (40.2 [11.0, 134.4]) (P<0.001) (Table 4).


Table 4 | Associations between participant characteristics and antibody levels in solid carcinoma patients.



In the multifactorial analysis, the main independent variables were IgG antibody levels against the SARS-CoV-2 RBD (Omicron BA.4/5) protein, BA.4/5 antibody levels, and BF.7 antibody levels. The dependent variables included sex, age, body mass index, vaccination status, and malignancy type. Compared with unvaccinated participants, vaccinated participants had higher IgG antibody levels against the SARS-CoV-2 RBD (Omicron BA.4/5) protein (B=1.4; 95% confidence interval, 0.2–2.5) (Supplementary Table 2).





3.4 Symptoms of long COVID

The proportions of participants with long COVID symptoms were 37.0% (20 individuals) among solid carcinoma patients and 30.4% (58 individuals) among healthy controls; the difference was not statistically significant (P=0.353). Among solid carcinoma patients, the most common symptom of long COVID symptom was fatigue (45.0%, nine cases), followed by dyspnea (20.0%, four cases). Among healthy controls, fatigue also was the most common symptom of long COVID (44.8%, 26 cases), followed by throat discomfort (15.5%, nine cases) (Table 5).


Table 5 | Symptoms of long COVID.







4 Discussion

As the COVID-19 pandemic persists, the virus continues to rapidly evolve, leading to the emergence of several Omicron variants that have become dominant worldwide, hitherto these types of mutant strains have caused extensive breakthrough infections both in China and around the world (26, 27). Some of these variants exhibit the ability to evade immunity conferred by prior infections or vaccinations, posing a renewed threat to public health (28–30).

In the present study, the proportion of vaccinated solid carcinoma patients was lower than that of healthy controls. This discrepancy may be attributed to various factors influencing vaccine hesitancy and uptake among carcinoma patients. These findings are consistent with the results of previous studies, which have frequently linked vaccine hesitancy in this population to concerns about vaccine-related side effects, uncertainty about vaccine efficacy and safety, and ongoing aggressive cancer treatments (31, 32). Intriguingly, we observed a higher rate of COVID-19 cases among vaccinated solid carcinoma patients than among unvaccinated patients. An online questionnaire in China revealed that COVID-19 vaccination may exacerbate some upper respiratory symptoms, such as sore throat, nasal congestion, and runny nose (33). This phenomenon may have occurred because vaccinated solid carcinoma patients engaged in more social activities and had increased opportunities for exposure, whereas unvaccinated individuals were more cautious about potential infection.

Regarding symptoms of COVID-19, solid carcinoma patients were more likely than healthy controls to experience fever with a maximum temperature of ≥38°C, suggesting that fever is more severe in carcinoma patients. However, the symptoms observed in this study were manageable. Multiple studies have linked SARS-CoV-2 infection to cough, sputum production, fever, and dyspnea in carcinoma patients (3, 34). Another study focusing on children and young adults with cancer revealed that all participants experienced mild to moderate symptoms after contracting COVID-19 (35). Additionally, the proportion of solid carcinoma patients who required ≥3 weeks to achieve negative results in a SARS-CoV-2 antigen or PCR was higher than the corresponding proportion of healthy controls, suggesting a longer recovery time in carcinoma patients.

Regarding the immune response to the Omicron variant of SARS-CoV-2, individuals with COVID-19 generally exhibit higher immunogenicity than those who do not contract COVID-19. However, solid carcinoma patients show lower antibody levels compared with healthy controls. A study by Donze et al. revealed that antibody levels, particularly anti-SARS-CoV-2 IgG antibodies targeting the S1 domain of the Spike protein, were significantly elevated among carcinoma patients with COVID-19 (35). Other studies have shown that antibody levels remain stable for 12 months after the initial infection (36, 37). In our study, vaccinated solid carcinoma patients with COVID-19 demonstrated stronger immunogenicity than their unvaccinated counterparts. Across different Omicron strains, both BA.4/5 and BF.7 elicited higher antibody levels than XBB.1.5 or EG.5 in both solid carcinoma patients and healthy controls. A study conducted in Beijing showed that neutralizing antibody levels against the prototypic (PT), BA.2, BA.4/5, and BF.7 strains were significantly elevated among individuals with COVID-19. Conversely, the subvariants BM.1.1.1, CH.1.1, XBB, XBB.1.5, and XBB.1.16 showed the lowest neutralizing antibody titers (38). Concerning the BF.7 strain tested in our study, male solid carcinoma patients exhibited stronger immunogenicity than female patients. Interestingly, our study revealed significant differences in the immune response to XBB.1.5 and EG.5 between solid carcinoma patients and healthy controls. Data from a study in South Korea showed lower levels of antibodies to the EG.5 variant than to the XBB.1.5 variant, similar to results in our solid carcinoma patients (39). In addition, another study pointed out that EG.5 is more infectious than XBB.1.5 in some areas, and 20% of the infection rate in the United States is related to EG.5, which may cause a part of the population to be more susceptible to SARS-CoV-2 EG.5 variant, resulting in higher antibody levels after infection EG.5 than XBB.1.5. This is consistent with what we have observed in healthy controls (40). At the same time, these differences may also be related to immunosuppression, prior immune response, and the effect of immunotherapy in solid carcinoma patients. Among different types of solid carcinomas, patients with other carcinomas displayed the highest BF.7 antibody levels, followed by liver carcinoma; patients with lung carcinoma exhibited the lowest levels. In terms of long COVID symptoms, the incidences did not significantly differ between solid carcinoma patients and healthy controls; fatigue was the most common symptom in both groups. A study by Soriano et al. showed that 10%–30% of individuals with COVID-19 experience persistent symptoms, including fatigue, cognitive impairment, shortness of breath, and mental disorders (41). A meta-analysis of 81 studies revealed that the proportion of individuals experiencing fatigue at ≥12 weeks after COVID-19 diagnosis was 0.32, whereas the proportion with cognitive impairment was 0.22 (42).

Our study had some limitations. First, the sample size was small, limiting the generalizability of the findings. Additionally, there was a low number of patients with each type of solid carcinoma. Second, because this was a cross-sectional survey, we could not confirm Omicron infection status through laboratory testing. Third, some areas of data collection were incomplete; we lacked key clinical records, such as patient treatment methods and specific dates of tumor diagnosis. These gaps in data may have introduced bias in our analysis of the impact of SARS-CoV-2 on solid carcinoma patients. Additionally, our research conclusions are drawn from the Omicron wave in China, and thus may not be fully generalizable to other countries with different healthcare systems or COVID-19 policies, and the variant studied is Omicron, which suggests that the findings might not apply to other variants of concern.

In conclusion, we found that solid carcinoma patients exhibited hesitancy and concerns regarding COVID-19 vaccination. They were more likely to develop fever after contracting COVID-19 and tended to exhibit slower recovery times. Both solid carcinoma patients and healthy controls demonstrated increased immunogenicity after contracting COVID-19, although solid carcinoma patients displayed lower immunogenicity compared with healthy controls. Vaccinated individuals in both groups showed higher immunogenicity after contracting COVID-19, compared with unvaccinated individuals. Antibody levels varied across Omicron strains; the levels were highest for antibodies against BA.4/5 and lowest for antibodies against EG.5. Antibody levels against Omicron BF.7 also varied according to solid carcinoma type; the levels were highest in patients with other carcinomas and lowest in patients with lung carcinoma. Additionally, we found that male solid carcinoma patients had higher antibody levels against Omicron BF.7. These findings suggest that factors such as sex, disease severity, and treatment regimens influence the immune responses of solid carcinoma patients to vaccines and viruses. Further research is needed to fully understand the impacts of these differences on clinical outcomes.
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General symptom 0.143
Yes 50(92.6) 169(84.9)
No 4(7.4) 30(15.1)

Respiratory symptom 0.638
Yes 28(51.9) 96(48.2)
No 26(48.1) 103(51.8)

Digestive tract symptom 0.399
Yes 5(9.3) 10(5.0)
No 40(90.7) 189(95.0)

Fever 0.007
<38°C 12(24.0) 79(45.4)
238°C 38(76.0) 95(54.6)

Muscular 0.126

soreness
Yes 26(48.1) 73(36.7)
No 28(51.9) 126(63.3)

Symptom recovery time 0.354
<1 weeks 45(83.3) 148(77.5)
>1 weeks 9(16.7) 43(22.5)

Medical visits after COVID-19 infection 0.667
Yes 11(20.4) 34(17.8)
No 43(79.6) 157(82.2)

Time of SARS-CoV-2 antigen or PCR turns to negative 0.031*
<3 weeks 36(92.3) 143(99.3) |
>3 weeks 3(7.7) 1(0.7)

Data are presented as number of participants (%). Statistical analyses were conducted using
the Chi-squared test and Fisher’s exact test*.
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Male 0.9 (02,2.1) ‘ 0.079 569.9 (206.1,1387.0) 0.138 516.8 (137.0,1259.8) 0.013
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Vaccine (s) administered

Yes 1.3 (05.2.3) ‘ <0.001 708.9 (263.5,1412.5) <0.001 431. (151.9,1010.5) 0.042
No 0.3 (0.1,0.7) 295.1 (97.8,780.1) 2739 (53.2,1052.2)

COVID-19 infection
Yes 1.1(052.2) ‘ <0.001 621.0 (288.8,1333.0) <0.001 529.6 (215.3,1264.5) <0.001

No 0.1 (0.0,0.1) 122.8 (33.7,329.9) 40.2 (11.0,134.4)

Type of carcinoma

Lung carcinoma 1.0 (0.1,2.4) 0.734 461.4 (56.9,1177.3) 0.496 191.3 (12.9,747.2) 0.041
Digestive carcinoma 0.8 (0.3,1.6) 614.6 (196.0,1398.0) 467.2 (131.4,1250.0)

Liver carcinoma 0.7 (02,1.3) 593.9 (266.7,1194.5) 492.7 (258.3,1254.6)
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Thyroid carcinoma 0.7 (0.3,1.6) 402.8 (191.4,1536.5) 4155 (66.2,845.9)
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Other carcinomas 1.1 (0.2,2.2) 542.2 (183.0,1197.5) 503.9 (115.7,1223.0)

Data are presented as median (P,s, P7s). Statistical analyses were conducted using the non-parametric Mann-Whitney test.
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Vatiable infection symptom symptom tract symptom (>38°C) soreness

N (%) p N (%) p N (%) p N (%) p N (%) o] N (%) p

Sex
Male 112 (81.2) 0303 20(952) | 0953  8(38.1) 0.107 2(95) 1.000 15(78.9) 0967 9 (42.9) 0.535
Female 122 (76.3) 30 (90.9) 20 (60.6) 3(9.0) 23 (742) 17 (51.5)

Age, years
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2250 16 (84.2) 9 (813) 4(36.4) 0(0.0) 5 (50.0) 5(45.5)

Vaccine (s) administered

Yes 159 (89.8)  <0.001 48 (92.3)  1.000* 27 (5L.9)  1.000* 5 (9.6) 1.000* 36 (75.0)  1.000*  25(48.1) | 1.000*

No 75 (62.0) 2 (100.0) 1 (50.0) 0(0.0) 2 (100.0) 1(50.0)

Type of carcinoma
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Prostate carcinoma 29 (90.6) 6 (85.7) 2 (28.6) 0(0.0) 4 (80.0) 2(28.6)
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Data are presented as number of participants (%). Statistical analyses were conducted using the Chi-squared test and Fisher’s exact test*.
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Solid carcinoma patients

Healthy controls

Ve (N=298) (N=258)
Sex
Male 138 (46.3) 114 (44.2) 0.616
Female 160 (53.7) 144 (55.8)
Age, years
18-59 117 (39.3) 76 (29.5) 0.015
260 181 (60.7) 182 (70.5)
Median (Pys, Pys) 63 (53,71) 67 (54,73)
BMI (kg/m?)
<25.0 66 (22.1) 188 (72.9) 0.411
2250 19 (64) 69 (26.7)
unknown 213 (71.5) 1(04)
Vaccine (s) administered
Yes 177 (59.4) 256 (99.2) <0.001
No 121 (40.6) 2(08)
COVID-19 infection
Yes 234 (78.5) 242 (93.8) <0.001
No 64 (21.5) 16 (62)
Type of carcinoma
Lung carcinoma 22 (7.4) -
Digestive carcinoma 83 (27.9) -
Liver carcinoma 21 (7.0) -
Breast carcinoma 50 (16.8) -
Thyroid carcinoma 21 (7.0) -
Prostate carcinoma 32(10.7) -
Other carcinomas 70 (23.5) -

Data are presented as number of participants (%) or median (P55, Pys). *Digestive carcinoma (colorectal carcinoma, gastric carcinoma, pancreatic carcinoma, esophageal carcinoma, biliary tract
carcinoma); "Other carcinomas (pituitary carcinoma; carcinomas of the mouth, nose, and throat; ovarian carcinomas; bladder carcinoma; renal carcinoma; ureter carcinoma; acoustic nerve

carcinoma; uterine carcinoma). Statistical analyses were conducted using the Chi-squared test.





OEBPS/Images/table5.jpg
Variable noma patients controls P

Persistent symptoms 0.353
Yes 20(37.0) 58(30.4)

No 34(63.0) 133(69.6)

Symptoms ‘
Fatigue 9(45.0) 26(44.8) 0.989
Sleepy 3(15.0) 6(10.3) 0.574
Headache/dizziness/migraine 1(5.0) 4(6.9) 1.000
Cough 2(10.0) 7(12.1) 1.000
Discomfort in the pharynx 1(5.0) 9(15.5) 0.409
Taste/smell change or loss 3(15.0) 6(10.3) ) 0.876
Gastrointestinal discomfort 1(5.0) 0(0.0) 0.256*
Breath/shortness of breath 4(20.0) 4(6.9) 0216
Decreased exercise capacity 2(10.0) 2(3.5) 0577
Arrhythmia/palpitations 0(0.0) 3(52) 0.565*
Chest pain 0(0.0) 1(1.7) 1.000*
Sleep disorder 1(5.0) 2(34) 1.000*
Tinnitus/earache 0(0.0) 2(34) 1 1.000*

Data are presented as number of participants (%). Statistical analyses were conducted using the Chi-squared test and Fisher’s exact test*.





