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The immune landscape and viral shedding of Omicron SARS-CoV-2 variants implicate immune escape
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Background: Three years into the SARS-CoV-2 pandemic, the virus continues to mutate despite widespread vaccination, posing ongoing challenges for epidemic prevention and control. The relationship between viral shedding and immune escape remains under investigation. This study aims to examine the association between viral shedding and immune escape in the BA.4/5 and BF.7 variants.

Method: We included 542 patients infected with the Omicron variant from Beijing Xiaotangshan shelter hospital. Based on the viral strain, patients were divided into BA.4/5 group and BF.7 group. Additionally, we categorized patients into rapid viral shedding and slow viral shedding groups according to their viral shedding rates. We explored the relationship between viral shedding and immune-related clinical indicators during this period.

Result: Of the 542 patients, 118 were infected with BA.4/5 variant, and 424 were infected with BF.7 variant. The viral shedding duration differed significantly between BA.4/5 and BF.7 groups (p < 0.0001). However, there was no statistically significant correlation between viral shedding duration and immune-related indicators, such as WBC, Hb, PLT, Neu, Lym, CRP, allergy, fever, and vaccination status (p > 0.05). Furthermore, viral shedding duration was not associated with vaccination status, intervals between vaccinations, or vaccine types (p > 0.05).

Conclusion: The duration of viral shedding in patients infected with Omicron variants BA.4/5 and BF.7 is not associated with WBC, Hb, Lym, CRP, fever, allergy, or vaccine-related indicators. This lack of association may be attributed to immune escape mechanisms.
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1 Introduction

SARS-CoV-2 was first reported in Wuhan, China, in 2019 (1). The rapid extension of vaccination brought hope for controlling and preventing the spread of the virus. However, over the past 3 years, SARS-CoV-2 has continued to mutate. Omicron was first detected in Botswana on November 11th, 2021, and subsequently spread to many countries and regions (2). According to the Health Commission of the People’s Republic of China, as of December 31, 2022, 3.4 billion vaccine doses had been administered (3). Despite widespread vaccination, many individuals were still infected with Omicron. One study suggested that the protective effects of vaccines have diminished over time (4). Additionally, research of Ai et al. demonstrated that Omicron may have a greater ability to escape from vaccine-induced immune protection compared to other variants (5). Omicron is associated with a higher viral load and longer duration of viral shedding than Delta variant, especially in the nasopharynx (6). Peak viral shedding generally occurs 5–6 days after the onset of symptoms (7). BA.4/5 and BF.7 (also known as BA.5.2.1.7) subvariants of Omicron are highly contagious but have relatively low mortality rates (8), presenting new challenges for epidemic prevention and control. However, research on the relationship between viral shedding and immune escape for these two subvariants remains limited.

Viral shedding is primarily associated with viral load and is influenced by various factors, including gender (9, 10), age (11), and vaccination status (12). Xu et al. studied 113 symptomatic patients from two hospitals to identify risk factors related to viral shedding and found that prolonged SARS-CoV-2 RNA shedding was associated with gender; specifically, shedding duration was longer in males than in females (13). However, another study reported the opposite, suggesting that females had longer shedding durations (10). Moreover, other studies have identified age as an independent risk factor for those infected with the Omicron variant, with older individuals experiencing slower viral shedding (11). According to the research of Gao et al., prolonged viral shedding was strongly associated with increased C-reactive protein (CRP) and the decreased lymphocyte (Lym) counts (14). Additionally, it has been confirmed that lower lymphocyte and hemoglobin (Hb) levels, as well as higher neutrophil (Neu) counts, are independent risk factors for prolonged viral shedding (15). The severity of COVID-19 symptoms is also related to the duration of viral shedding. One study suggested that the viral shedding duration in asymptomatic COVID-19 patients was longer than in those with mild symptoms (16), while Kissler et al. presented a contrasting view (17). A study by Li et al. showed that fever was associated with prolonged viral shedding in individuals infected with COVID-19 (18).

A retrospective cohort study from China compared the effectiveness of two types of vaccines (BIBP and CoronaVac) against the Delta and Omicron variants (19). The study revealed that receiving two or three doses of the vaccines did not reduce the duration of viral shedding in patients infected with the Omicron variant, while vaccination was more effective in shortening viral shedding duration for the Delta variant. This suggested that the immune escape ability of Omicron was stronger than that of Delta. Concurrently, other studies showed that vaccination could shorten the duration of viral shedding in patients infected with Delta variant (12). Whereas, a study conducted at Boston University demonstrated that there was no difference in culture conversion time based on the variants or vaccination status (20).

The duration of virus shedding for the Omicron variant has shown highly variable across different studies. As the virus continues to mutate, the relationship between viral shedding and immune escape in patients infected with Omicron BA.4/5 and BF.7 variants remains uncertain. Based on the aforementioned studies, we performed the study in order to investigate the correlation between viral shedding and immune escape in the two variants.



2 Methods and materials


2.1 Participant recruitment and data collection

The study was conducted in Xiaotangshan Shelter Hospital of Beijing, China. Participants were recruited from May to June 2022 for those infected with Omicron BA.4/5, and from October to November 2022 for those infected with Omicron BF.7. The identification of Omicron BA.4/5 and BF.7 variants was aligned with reports of the Chinese CDC and GISAID during the two-epidemic period. A total of 542 hospitalized participants were enrolled in this study. The inclusion criteria were as follows: the nasal swab sample of each participant was tested at the testing center of the Beijing Xiaotangshan shelter hospital and the results of nucleic acid detection were positive. Asymptomatic patients were defined as those who tested positive nucleic acid detection but showed no clinical symptoms, while mild patients had mild symptoms but no evidence of pulmonary infection on CT scan. Both asymptomatic and mild patients were included in the study. The exclusion criteria included patients with no nucleic acid test reports or those in critical condition. Demographic data (age, sex), clinical characteristics (allergy, fever, diagnose, vaccine, WBC, Hb, PLT, Neu, Lym, CRP, types of vaccine and interval time between vaccinations) and virological data (duration of viral shedding) were collected form electronic medical record. Vaccine types were categorized into three main groups, including BIBP, CoronaVac and others. Participants were divided into BA.4/5 infection group and BF.7 infection group (21). The study adhered to the guidelines of the Declaration of Helsinki and was supported by the Ethics Committee of Peking University Third Hospital.



2.2 Examination of viral shedding by qPCR

Nasal swab detection reagents, targeting the Nucleocapsid (N) and open reading frame lab (ORF lab), were supplied by Shanghai Biogerm Medical Technology Co., Ltd. Each patient was tested an average of seven times. The viral load was measured by qPCR (22) and expressed as cycle threshold (CT) value (23). The cutoff value of viral shedding was defined as a CT value greater than 35. Negative results were recorded when both N and ORF lab CT values exceeded 35 or were positive. A negative result of each patient was confirmed by repeated testing the next day. Duration of viral shedding was defined as the time from the first qPCR positive diagnosis or the onset of symptoms to the first negative diagnosis (13, 24). To better align with public health decision-making, we divided viral shedding into rapid viral shedding (RVS) and slow viral shedding (SVS) based on the median value of 11.



2.3 Statistical analysis

All data were statistically analyzed using R software (version 4.0). For comparison of multiple independent samples, the Kruskal-Wallis test was used. Continuous variables were expressed as mean ± standard deviation (SD) and analyzed using Student’s t-test or one-way ANOVA. Categorical variables were presented as numbers (percentages) and analyzed using Fisher’s exact test. Correlation coefficient was assessed by Spearman correlation. Graphs were generated using the “ggplot2” in R packages. p < 0.05 was considered statistically significant.




3 Results


3.1 Comparison of baseline characteristic between BA.4/5 and BF.7

A total of 542 patients were enrolled in the study, with 118 patients infected with the BA.4/5 variant and the remaining 424 patients infected with the BF.7 variant (Table 1). The mean age of patients in the BA.4/5 group was 28.2 ± 11.2 years, which was significantly lower than the mean age in the BF.7 group (40.200 ± 13.938 years). However, there was no significant difference in gender distribution between the two groups. Duration of viral shedding was shorter in patients infected with BA.4/5 (9.720 ± 2.666 days) compared to those infected with BF.7 (10.750 ± 2.496 days), with the difference being statistically significant (p < 0.0001). The proportion of allergic reactions and fever were similar between the two groups, with no statistically significant difference (p > 0.05). Although the proportion of asymptomatic infection in BA.4/5 group was slightly higher than that in BF.7 group, this difference was not statistically significant (p > 0.05). All participants in BA.4/5 were vaccinated, while a small number in the BF.7 group were unvaccinated. There were no significant differences in the levels of WBC, Hb, PLT, Neu, and Lym between the two groups. The CRP level was lower in BA.4/5 group than that in BF.7 group, but the difference was not statistically significant (p > 0.05). In terms of vaccine status, the overall vaccination rate differed significantly between the BA.4/5 and BF.7 groups (p < 0.0001). However, there were no significant differences in vaccination rates among the three vaccine types (CoronaVac, BIBP, and Others) (p > 0.05) (Table 1). Table 2 further indicates that there were no significant differences in the vaccination rates or the vaccination times for the three vaccine types (CoronaVac, BIBP, and Others) between the SVS and RVS groups (p > 0.05).



TABLE 1 Baseline of Omicron patients’ characteristics in the BA.4/5 and BF.7 groups.
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TABLE 2 Baseline of Omicron patients’ characteristics in the SVS and RVS groups.
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3.2 Comparison between rapid viral shedding (RVS) and slow viral shedding (SVS)

Based on the median of viral shedding, 542 patients were divided into two group: the RVS group (n = 264) and the SVS group (n = 278) (Table 2). There was a significant difference in viral shedding duration between RVS group and SVS group (p < 0.0001). The proportion of males was higher in RVS group compared to SVS group. The incidence of allergic reactions and fever did not differ significantly between the two groups. When comparing the viral shedding duration between BA.4/5 and BF.7 groups, a significant difference was observed (p < 0.0001). For the other indicators, including fever, diagnosis, vaccination status, WBC, Hb, PLT, Neu, Lym, CRP, type of vaccine doses and interval time between vaccinations, no statistically significant differences were found (p > 0.05).



3.3 Correlation between viral shedding and immune indicators

We compared the difference between BA.4/5 and BF.7 variants (Figure 1A) and analyzed the correlation between viral shedding and the immune landscape associated with these two variants. In SVS and RVS group, the proportion of patients infected with BF.7 variants was higher than those infected with BA.4/5 variants, which was statistically significant (Figure 1B). Regarding age, there was no correlation between viral shedding and age in BA.4/5 group, whereas a positive correlation was observed in BF.7 group (Figure 1C). No statistically significant difference in viral shedding duration was found between male and female in either the BA.4/5 or BF.7 group (Figure 1D). Moreover, neither allergy nor fever affected VS in either variant group (Figures 1E,F). In addition, whether the patients were asymptomatic or mild symptoms, and whether they were vaccinated or not, had no effect on viral shedding (Figure 2A). A greater proportion of asymptomatic individuals were unvaccinated (Figure 2B). We also compared the duration of viral shedding among asymptomatic patients and mild patients across vaccine types, but found no statistically significant differences between the groups (Figure 2C). Besides, we analyzed the correlation between viral shedding and interval time between vaccinations (time21 and time32) for both variants, finding a positive correlation (Figures 2D,E). Viral shedding was negatively related to timeIn1 in BF.7 group, but positively correlated in BA.4/5 group (Figure 2F). We further examined the relationship between viral shedding and blood routine parameters, as well as CRP levels, in the two variants groups. The relationship between viral shedding and WBC was opposite between the two groups: a negative correlation in the BA.4/5 group and a positive correlation in the BF.7 group (Figure 3A). Viral shedding was negatively correlated with Hb in both BA.4/5 and BF.7 groups (Figure 3B). A positive correlation between viral shedding and PLT was observed in the BA.4/5 group, but no correlation was found in the BF.7 group (Figure 3C). Viral shedding was negatively related to Neu in BA.4/5 group and positively correlated in BF.7 group (Figure 3D). Furthermore, there was a positive relationship between viral shedding and Lym in both the two groups, with a stronger correlation in BA.4/5 group (Figure 3E). Additionally, viral shedding was positively correlated with CRP in BA.4/5 but showed no relevance to BF.7 group (Figure 3F).
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FIGURE 1
 Relationship of VS with baseline characteristics. (A) Comparison of VS between patients with BA.4/5 and patients with BF.7. (B) Comparison RVS and SVS proportion in BA.4/5 and BF.7 groups. (C) Correlation analysis between VS and age. (D) Comparison of VS between female patients and male patients. (E) Comparison of VS between patients without allergy and patients with allergy. (F) Comparison of VS between patients without fever and patients with fever.
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FIGURE 2
 Relationship between VS and vaccination-related indicators. (A) Comparison of VS between patients vaccinated and not vaccinated. (B) Comparison of the proportion of asymptomatic and mild patients in vaccinated and unvaccinated groups. (C) Comparison of VS between different vaccine types. (D–F) Correlation analysis between VS and interval time of vaccination.
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FIGURE 3
 Correlation between VS and immune-related indicators. (A–F) Correlation analysis between VS and WBC, Hb, PLT, Neu, Lym, CRP.





4 Discussion

Three years have passed since the onset of the COVID-19 pandemic, during which time SARS-CoV-2 has undergone continuous mutation. In our study, we explored the relationship between viral shedding and immune-related indicators in BA.4/5 and BF.7 variants. Our findings demonstrated no significant relationship between viral shedding and immune indicators, including WBC, Hb, PLT, Neu, Lym, CRP and vaccine-related indicators. While viral infections generally prime the body’s immune response, and the duration of viral shedding is closely correlated with the infectivity of the virus (25, 26). Thus, it is necessary to investigate the relationship between viral shedding and immune evasion mechanisms.

Interestingly, our study found no association between viral shedding and factors such as gender, age, allergy status, or the presence of fever. However, Xu et al. reported that males were significantly associated with prolonged SARS-CoV-2 RNA shedding (13), attributing this finding to a higher likelihood of smoking among men. On the contrary, a prospective study suggested that females were more likely to experience extended viral shedding (27), possibly due to a tendency for a stronger Th2-driven immune response in females compared to males (28). Our results differ from both of these studies, which could be due to the variants we studied having a greater capacity for immune evasion, leading to a reduced immune response to the virus. Moreover, the mean age of patients in the RVS group was significantly younger than those in the SVS group, aligning with previous studies (11, 29). This observation may be related to immunosenescence, the age-related decline in immune function, which is more pronounced in older individuals (30). While patients with allergy are more likely to experience immune dysregulation, our study found no correlation between allergy status and viral shedding, which might further suggest the potential for immune escape by the variants. A study showed that higher body temperatures were associated with prolonged viral shedding (18), linking this to the host immune response. However, in our study, the presence of fever did not significantly affect viral shedding. Since fever is a component of the immune response to acute infection, this lack of correlation might be due to the two Omicron variants’ ability to induce a weaker immune response through immune evasion.

Additionally, we analyzed vaccination-related indicators and found that viral shedding is not associated with vaccination status, vaccine types or interval time between vaccinations. The results were consistent with the study of Q.L. Hua et al. (19), which reported that receiving two or three doses of a vaccine did not shorten viral shedding in patients infected with the Omicron variant. Although their study focused on a different Omicron subvariant (BA.2.38), two of the vaccine types they used, BIBP and CoronaVac, were also utilized in our study, yielding similar results. Besides, we also analyzed the interval time between vaccinations, which showed no effect on viral shedding. We deduced that despite the differences in variants, and even though our study focused on more recent variants, this suggests that Omicron has demonstrated immune escape capabilities for an extended period. According to the Centers for Disease Control and Prevention, at least 36 mutations in the spike (S) protein of Omicron are crucial for its infectivity and ability to evade the immune system. A study published in Nature Microbiology also confirmed that Omicron was an immune escape variant (31), further supporting our results.

Moreover, Neu are the first responders in immune cells following viral invasion. Our results showed no significant association between viral shedding and several immune indicators, including WBC, Hb, PLT, Neu, Lym and CRP. This finding contrasts with the result reported by S.J. He et al. (15), who identified that elevated Neu, decreased Hb and decreased Lym as risk factors for prolonged time to viral clearance and as being highly associated with extended viral shedding. This discrepancy suggested that BA.4/5 and BF.7 variants may have a greater capacity for immune escape, resulting in a milder immune response insufficient to reach statistical significance (32). An early study on the characteristics of peripheral lymphocyte subsets in COVID-19 patients from Wuhan also suggested that CD8 T cell and CD4/CD8 ratio are strongly associated with inflammatory status in COVID-19 (33). This indicated a need for further exploration of the relationship between peripheral lymphocyte subsets and viral shedding in the context of the two variants studied here. CRP was significantly related to severity of COVID-19 patients (34). Previous studies have shown that higher CRP levels are observed in patients with prolonged viral shedding (14), likely due to impaired immune function. Our results, however, suggested the opposite, which may be attributed to differences in study populations; their study focused on early COVID-19 patients in Wuhan, whereas our population consisted of patients infected with Omicron variants. In addition, a study examining difference in viral shedding between symptomatic and asymptomatic SARS-CoV-2 infected patients found that asymptomatic individuals exhibited higher WBC levels, lower CRP levels, and shorter viral shedding durations (35). This finding also contrasts with our result. It was possible that the immune escape mechanisms associated with viral mutations allow the virus to reduce immune activity, thereby preventing an overt immune response.

There are certain limitations to our study. We focused only on commonly used laboratory tests and clinical measurements and had limitations in the data currently available from the patients, we were unable to explore immune-related clinical markers, so it will be a focus of our future research efforts. Additionally, to enhance the generalizability of our findings, future studies would benefit from a multi-center approach with a larger and more diverse cohort, encompassing a broader range of demographic characteristics. This would help address potential biases and ensure more representative results. Furthermore, the mechanisms underlying immune escape in patients infected with Omicron BA.4/5 and BF.7 variants should be further investigated.



5 Conclusion

Based on the immune-related indicators analyzed in our study, BA.4/5 and BF.7 are likely immune escape variants. Further studies are necessary to explore the immune escape mechanisms of the BA.4/5 and BF.7 variants in greater detail.
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