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Background: As delta variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) prevailed in the current coronavirus disease 2019 (COVID-19) pandemic, its clinical characteristics with the difference from those of wild-type strains have been little studied.

Methods: We reported one cohort of 341 wild-type patients with COVID-19 admitted at Wuhan, China in 2020 and the other cohort of 336 delta variant patients with COVID-19 admitted at Yangzhou, China in 2021, with comparisons of their demographic information, medical history, clinical manifestation, and hematological data. Furthermore, within the delta variant cohort, patients with none, partial, and full vaccination were also compared to assess vaccine effectiveness.

Findings: For a total of 677 patients with COVID-19 included in this study, their median age was 53.0 years [interquartile range (IQR): 38.0–66.0] and 46.8% were men. No difference was found in age, gender, and percentage of patients with the leading comorbidity between wild-type and delta variant cohorts, but delta variant cohort showed a lessened time interval between disease onset to hospitalization, a reduced portion of patients with smoking history, and a lowered frequency of clinical symptoms. For hematological parameters, most values demonstrated significant differences between wild-type and delta variant cohorts, while full vaccination rather than partial vaccination alleviated the disease condition. This reflected the viremic effect of delta variant when vaccination succeeds or fails to protect.

Interpretation: Delta variant of SARS-CoV-2 may cause severe disease profiles, but timely diagnosis and full vaccination could protect patients with COVID-19 from worsened disease progression.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) has been proven to be a highly contagious and fast evolving disease. The responsible pathogen was named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a positive-sense single-stranded RNA virus and the 7th member of the coronavirus family that infects humans (1, 2). Since September 2020, 9 variants of SARS-CoV-2 have been reported and compared to the original strain of the virus with a reproductive number (R0) = ~2.5, the recent delta variant showed much higher transmissibility with R0 = ~7 (3–6). As of September 7, 2021, the cumulative number of COVID-19 infections has reached over 220 million with a death toll surpassing 4.5 million, while the delta variant has become dominant among the countries with the highest number of newly infected cases including the United States, Brazil, and the United Kingdom (6).

Amid the COVID-19 pandemic, many therapeutics and vaccination strategies have been developed to contain viral spreading. On one hand, repurposed and investigational drugs are heavily studied to reduce viral infection such as (hydroxy) chloroquine, metformin, and remdesivir (7, 8). Among them, orally administered antidepressant fluvoxamine and investigational molnupiravir have shown remarkable inhibition on viral replication, greatly shortening the hospitalization length, and lowering mortality rate (9, 10). On the other hand, a handful of vaccines against COVID-19 that mainly include inactivated vaccines, nucleic acid-based vaccines, and viral vector-based vaccines have been approved for use in different countries (11). As a result, COVID-19 vaccinations effectively lower the transmission of SARS-CoV-2 and decrease the risks of patients for severity and mortality.

Delta variant, or previously known as B.1.617.2, was first reported in India in October 2020 and was imported to China in the middle of May 2021, triggering a new wave of COVID-19 infection across the country (53). The effectiveness of single- or full-dose inactivated vaccines against delta variant infection was 13.8 and 59.0%, respectively, showing decreased protection when compared to that against wild-type SARS-CoV-2 (53). For BNT162b2 (an mRNA vaccine) and ChAdOx1 nCoV-19 (a replication-deficient adenoviral vector vaccine) against COVID-19, their protections from delta variant infection were significantly lower than those from alpha variant infection (12). In parallel, neutralization of delta variant using monoclonal antibody or serum antibody from convalescent patients with COVID-19 demonstrated less sensitivities than that of other SARS-CoV-2 strain (13). On top of that, how the accumulating mutations will affect the antigenicity of SARS-CoV-2 variants remains an imperative puzzle to solve.

Severe acute respiratory syndrome coronavirus 2 employs human angiotensin-converting enzyme 2 (hACE2) for cell entry, infecting lung, heart, and other major organs, and causing hematological disorders and organ impairments (14–16). The virus–host interaction may vary to different extents due to the changing variants of SARS-CoV-2. Simultaneously, since the COVID-19 pandemic began, its clinical characteristics and pathogenic mechanisms have been well-documented (17–20). However, with the rapid spreading of delta variants across the world, their specific clinical features are far from explored. In particular, the difference between characteristics of patients with COVID-19 infected by the wild-type SARS-CoV-2 and its delta variant has yet been elucidated.

In this study, we investigated the clinical features of delta variant infected patients with COVID-19 in Yangzhou, China during August 2021, with a comparison to those of wild-type patients with COVID-19 in Wuhan, China in early 2020. Comparative studies were also conducted to differentiate the unvaccinated patients in Yangzhou with delta variant infection from those in Wuhan with wild-type infection, and from partial (single) or full (two) dose vaccinated patients with COVID-19 in Yangzhou with delta variant infection. Through this study, we aim to understand the unique clinical manifestations of patients with COVID-19 due to infection by delta variant of SARS-CoV-2 and the vaccine efficiency against this delta variant in single or double dosage.



METHODS


Patients

This retrospective study included 341 patients with COVID-19 who were admitted and hospitalized at the First People's Hospital of Jiangxia District (FPHJD) in Wuhan City of Hubei Province, China, from January 2020 to April 2020, including 96 patients in the intensive care unit (ICU) and 245 patients in the non-ICU isolation ward. These patients were in the wild-type cohort. In parallel, 336 patients with COVID-19 in the delta variant cohort were admitted and hospitalized at the Third People's Hospital of Yangzhou City (TPHYC), Jiangsu Province, China, in August 2021, where the delta variant of SARS-CoV-2 has been identified as the responsible pathogen (21). No ICU patients were reported in this cohort. For the inclusion criteria, patients with COVID-19 were diagnosed and confirmed by following a standard procedure (22). Exclusion criteria were as follows: (1) pediatric patients of <15 years old; (2) patients that use immunity inhibitor for 3 months and up; (3) patients with malignant tumors; and (4) patients with a terminal illness (Figure 1). This study was approved by the Research Ethics Committee of the FPHJD and the TPHYC, respectively. All the information of the patient remains anonymous and written informed consent was waived due to the emergency of major infectious diseases.
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FIGURE 1. A flowchart displaying the inclusion and exclusion criteria of the patient in the selection procedure of the patient.




Vaccinations

For 336 patients with COVID-19 in Yangzhou infected by delta variant of SARS-CoV-2, 120 patients (35.7%) were unvaccinated, 60 patients (17.9%) were partially vaccinated, and 156 patients (46.4%) were fully vaccinated. Two types of inactivated vaccines, Sinovac or Sinopharm (Beijing), were administered. A total of 61 patients (18.2%) were given Sinopharm (Beijing) vaccines, 68 patients (20.2%) were given Sinovac vaccines, and 88 patients (26.2%) were given uncertain vaccines (Sinopharm or Sinovac). A dose of vaccine was counted effective only if the time between the vaccine shot and the disease onset was longer than 14 days. Minimal duration of 14 days was estimated necessary to develop protective immunity against SARS-CoV-2 infection (23). Patients were considered fully vaccinated only if 2 doses of vaccines were given and the time between the 2nd vaccination and the onset of COVID-19 was more than 14 days. Patients were considered partially vaccinated if only 1 effective shot of vaccine was given. Patients were considered unvaccinated if no vaccine had been ever received or the first vaccination was given <14 days before the onset of COVID-19.



Procedures

Patients with COVID-19 were received and diagnosed by following a standard procedure (24). The wild-type patients were treated with antiviral drugs (oseltamivir, arbidol, and ribavirin), antibiotics (sulperazone, linezolid), antifungal therapy (fluconazole, caspofungin), corticosteroid therapy, respiration-assisted ventilation, and low-molecular-weight heparin (unless an increased risk of bleeding was assessed). For patients with delta variant, they were treated with Chinese traditional medicine (25) and antibiotics (ceftazidime, levofloxacin) if the bacterial infection was assessed. Thymalfasin was subcutaneously injected when the patient suffered from low immune function. All the patients were suggested in prone positions to increase the partial oxygen pressure. Serological tests of patients with COVID-19 based on detection of SARS-CoV-2-specific immunoglobulin M (IgM) and immunoglobulin G (IgG) were conducted, using 2019-nCoV IgG chemiluminescence immunoassay (CLIA) microparticles and 2019-nCoV IgM CLIA microparticles, respectively, manufactured by Autobio Diagnostics Corporation Ltd., China. Blood cell analysis was conducted by automated hematology analyzer (SYSMEX XS or XN series, Japan) and the biochemical indicator was also analyzed (Roche Cobas 8000, USA; Beckman AU5800, USA).



Statistical Analysis

The categorical variables were described as frequency rates and percentages and continuous variables were applied to describe the median and interquartile range (IQR) values. Comparison of continuous variables between two cohorts was analyzed with the Mann–Whitney U test. Repeated measurements (non-normal distribution) were used following a generalized linear mixed model. The chi-squared test was used to compare the proportion of categorical variables, and Fisher's exact test was employed when data were limited. All the statistical analyses were performed using the GraphPad Prism 5.0 software (GraphPad Software Incorporation, San Diego, California) and statistics analyses adopted published methods (14–16). A two-sided p < 0.05 was considered statistically significant.




RESULTS

A total of 677 patients with COVID-19 were included in this retrospective study, where 341 patients with wild-type infection and 336 patients with delta variant infection were reported from hospitals in Wuhan and Yangzhou, China, respectively. For all the patients in both cohorts, the median age was 53 years (IQR: 38.0–66.0) and 46.8% were men (Table 1). There was no statistical difference in age and gender between wild-type and delta variant SARS-CoV-2-infected patients. However, compared to the wild-type cohort, the delta variant cohort showed a much shorter time duration from disease onset to hospitalization and a much lower portion of patients with smoking history. This corroborates much increased infectivity of the SARS-CoV-2 delta variant, regardless of smoking predisposition. Notably, no ICU patient was admitted and no death case was reported in the delta variant cohort, compared to 28.2% ICU patients and 17.6% non-survival in the wild-type cohort. This result accents the protective role of vaccination against SARS-CoV-2 infection, substantially lessening the severity and mortality of patients with COVID-19.


Table 1. Baseline characteristics between COVID-19 patients in wild-type and delta variant cohorts.
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For all the patients with COVID-19, hypertension, diabetes, cardiovascular diseases, and bronchitis were the top comorbidities in consistency with our previous findings and others (14, 15, 20, 26). Except for bronchitis, patients infected by wild-type SARS-CoV-2 showed similar frequencies of underlying medical conditions to those infected by delta variant. In parallel, patients with COVID-19 in Yangzhou had a much lowered frequency of bronchitis as a coexisting medical condition, which may be associated with their decreased portion of patients with a smoking history.

Despite delta variant infection, a significantly less portion of patients in Yangzhou showed apparent clinical symptoms compared to that of wild-type patients, except for a new characteristic symptom found common in delta variant-infected patients, i.e., sore throat. For major symptoms, such as cough and fever, patients infected by delta variant SARS-CoV-2 had been found in much lower incidence, indicating weakened viremia or lung infection. In addition, within the delta variant cohort, many COVID-19 symptoms showed marginal occurrence in patients, including dyspnea, chest pain, abdominal pain, diarrhea, and vomiting, suggesting the diminished viremic effect on non-pulmonary organs such as the heart, stomach, and gastrointestinal tract. This again substantiates the various clinical characteristics by viral variant as well as validation of vaccination against SARS-CoV-2 infection.

For 336 patients with COVID-19 infected by delta variant of SARS-CoV-2 in Yangzhou, 120 patients were unvaccinated and among them, 77.5% patients produced no SARS-CoV-2-specific antibody, 10.8% patients produced IgG only, 1.7% patients produced IgM only, and 10.0% patients produced IgG + IgM (Figure 2). The antibody tests of patients with COVID-19 were conducted at their hospital admission. Besides, 60 patients had 1 vaccination, among whom 58.3% patients had no SARS-CoV-2-specific antibody, 21.7% patients had IgG only, 3.3% patients had IgM only, and 16.7% patients had IgG + IgM. For 156 patients who were 2 times vaccinated, 21.8% patients had no SARS-CoV-2-specific antibody, 48.7% patients had IgG only and 29.5% patients had IgG + IgM, while no patient generated IgM only. Importantly, 156 out of 336 confirmed patients with COVID-19 had previously full vaccination, implying a high breakthrough infection rate by delta variant of SARS-CoV-2. Since immunities developed after viral infection or vaccination vary a lot among individuals, and for one individual it is unknown whether SARS-CoV-2 infection and COVID-19 vaccination confer a comparable degree of immunity, positive antibody results from serological tests of vaccinated or unvaccinated patients with COVID-19 may not differentiate their infection or vaccination status. Nevertheless, for confirmed patients with COVID-19, the ratio of patients with no antibody plummeted and the ratio of patients with produced SARS-CoV-2-specific IgG or IgG + IgM climbed when the vaccination times added up.


[image: Figure 2]
FIGURE 2. Antibody production in unvaccinated, partially, or fully vaccinated patients with coronavirus disease 2019 (COVID-19).


We further investigated the clinical differences of unvaccinated delta variant patients from wild-type patients with COVID-19 or partially vaccinated or fully vaccinated delta variant patients with COVID-19. Compared to wild-type patients, unvaccinated delta variant patients exhibited similar median age and male ratio, but shorter time duration from disease onset to hospitalization and a lower portion of patients with smoking history (Table 2). Hypertension and diabetes were leading comorbidities in delta variant-infected patients, which remain in similar frequencies to those in patients with wild-type COVID-19. However, clinical symptoms in delta variant patients appeared less occurrent when compared to those of wild-type patients, except for expectoration and sore throat. For baseline blood parameters (Table 3), hematological abnormalities in delta variant patients (unvaccinated) including leukocytosis and neutrophilia were significantly mitigated, but lymphocytopenia was observed similar and monocytosis and thrombocytopenia became much worse compared to those in the wild-type cohort. Furthermore, given derangements in the metabolic proteins and enzymatic biomarkers, levels of C-reactive protein (CRP), alanine aminotransferase (ALT), γ-glutamyl transferase (GGT), lactic dehydrogenase (LDH), and procalcitonin (PCT) were significantly lower in delta variant (unvaccinated) patients than those in wild-type infection, whereas some of the others remained comparable or became much higher such as alkaline phosphatase (ALP), creatinine, and creatine phosphokinase (CPK). For coagulation factors, increased prothrombin time (PT), international normalized ratio (INR), and D-dimer levels were significantly improved in delta variant infection when compared to wild-type COVID-19 infection, whereas prolonged thrombin time and decreased fibrinogen level were worsened. These alterations displayed the differential profiles in clinical characteristics between wild-type and delta variant SARS-CoV-2 infections.


Table 2. Comparison of baseline characteristics between delta variant COVID-19 patients and wild-type infection (*) or partially vaccinated delta variant patients (Δ) or fully vaccinated delta variant patients (∥).
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Table 3. Comparison of blood parameters between delta variant COVID-19 patients and wild-type infection (*) or partially vaccinated delta variant patients (Δ) or fully vaccinated delta variant patients (∥).
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Furthermore, within the delta variant cohort, partially vaccinated patients showed similar basic characters and clinical profiles to unvaccinated patients, as their baseline data (e.g., median age, male ratio, time between disease onset to hospitalization, and the portion of patients with smoking history), the frequency of patients with major comorbidity, and the commonly observed clinical symptoms owned no statistical difference (Table 2). For hematological parameters, all the tested data showed similar levels, except that lymphocytopenia was slightly aggravated and prolonged thrombin time was alleviated in partially vaccinated patients with COVID-19 (Table 3). These results showed limited protection of single (partial) vaccination from delta variant infection.

In parallel, fully vaccinated patients of delta variant exhibited younger age than unvaccinated patients, although their gender ratio, time from disease onset to hospital admission, the portion of patients with smoking history, and occurrence of clinical manifestations showed no noticeable difference. However, major comorbidities, including hypertension, diabetes, and cardiovascular diseases, demonstrated lower frequencies in patients with full vaccination than those with no vaccination, which might be also associated with their younger ages. Based on laboratory blood tests, many abnormal parameters in fully vaccinated patients showed significant improvements in comparison to those in unvaccinated patients including thrombocytopenia and decreased levels of ALP, adenosine deaminase (ADA), blood urea nitrogen (BUN), creatinine and LDH, and mitigated activated partial thromboplastin time (aPPT) and thrombin time. These results confirmed the validation of full-dose vaccination in preventing disease progression after SARS-CoV-2 delta variant infection.

To conclude, the age, gender, and ratio of patients with the most common comorbidities between wild-type and delta variant cohorts were similar in this study, but the delta variant cohort demonstrated less duration from disease onset to hospitalization, a lower ratio of patients with smoking history, and fewer occurrence of clinical symptoms. This is in corroboration with superior infectivity of the delta variant to the wild type. Many laboratory parameters revealed notable differences between wild-type and delta variant cohorts and within delta variant cohort patients with full vaccination showed much allayed conditions than patients with partial or no vaccination.



DISCUSSION

Amid the COVID-19 pandemic, the evolution rate of SARS-CoV-2 was estimated to be ~10−3 per nucleotide per year or ~3 mutations per month (27, 28). Two specific mutations, G to U and C to U, were found the highest occurrence in SARS-CoV-2, suggesting that the viral genome might be the substrate for certain deaminase or the target for reactive oxygen species in the host (29, 30). Consequently, the delta SARS-CoV-2 possesses a higher viral load, a shorter incubation period, and a longer viral shedding than other known variants or wild-type strains, causing greater transmissibility (31–33).

Enclosing a large single-stranded RNA genome (~30 kb), SARS-CoV-2 virion contains the envelope (E), membrane (M), and spike (S) proteins, where E and M proteins mainly function in the virion assembly and S protein mediates viral entry into the host (34, 35). Structurally, S protein encompasses an N-terminal domain (NTD) harboring a hydrophobic signal sequence motif, an ectodomain including subunit S1 for receptor binding and S2 for membrane fusion, and a transmembrane anchor through virion envelope (36). At the carboxyl end of S1 locates a receptor-binding domain (RBD), in proximity to 2 proteolytic sites to further fuse viral and host cellular membranes: one at the S1/S2 boundary and the other at N-terminus of fusion peptide within S2 (denoted as S2') (37, 38). When SARS-CoV-2 infects, S1 RBD recognizes and binds specific cell receptors (i.e., hACE2), followed by cleavage at the S1/S2 or/and S2' sites by host proteases (e.g., TMPRSS2) to facilitate the viral membrane fusion (39). Thus, antibodies against the S proteins could hamper the viral infection. For this reason, S protein has become the principal target of COVID-19 vaccines, while mutations in S protein may undermine vaccine efficiency (40).

Compared to other SARS-CoV-2 strains, the delta variant possesses notable mutations L452R, T478K, and E484Q in the RBD of S protein and P681R in the S1/S2 site (41). SARS-CoV-2 strains with L452R and E484Q mutations were associated with heightened resistance to antibody neutralization (42). T478K mutation enhanced the infectivity and augmented the ability of SARS-CoV-2 to escape immune recognition (43, 44). Each of the L452R and E484Q mutations lowered susceptibility to mRNA vaccine-generated antibodies by disrupting the binding between the RBD and hACE2, albeit the combined mutations did not show synergism (45). Moreover, within S1/S2 site P681R mutation enabled S protein to be less acidic and made furin in the host much easier to cleave, adding viral infectivity and transmissibility (46). In addition, D614G mutation has been identified in all the variants of concern (VOCs), i.e., alpha, beta, gamma, and delta variants) (47). This replacement is associated with heightened viral load and lowered the age of the patient, but it has no effect on the disease severity and mortality of COVID-19 (48). Taken together, those accumulating mutations in delta variants contribute to their increased virulence and transmissibility and decreased antibody neutralization and vaccine efficiency.

Recently, in a highly vaccinated health system in California, USA, 57.3% of medical workers who were infected with delta variant of SARS-CoV-2 had full mRNA vaccination record, being a result of both the viral mutation and declined immunity over time (49). It was noted in this study that 64.3% of patients with partial or full vaccination were infected by delta variant of SARS-CoV-2, albeit 46.4% patients with full vaccination had younger median age and lower occurrence of the most common comorbidities associated with COVID-19 infection (14, 15). This again corroborates the elevated infectivity of the SARS-CoV-2 delta variant and its augmented capacity of the breakthrough of the vaccine.

This study indicated that delta variant infection caused less symptom occurrence than wild-type infection. Cough and fever are still predominant signs, but gastrointestinal symptoms have become much less frequent. This result is consistent with other findings (33). Additionally, sore throat that was not common in patients with wild-type COVID-19 has been found in a substantial portion of delta variant patients. For hematological data, in comparison to wild-type infections, delta variant patients (unvaccinated) demonstrated alleviated leukocytosis, neutrophilia, levels of CRP, ALT, GGT, LDH, PCT, PTT, INR, and D-dimer, but deteriorated monocytosis, thrombocytopenia, levels of ALP, creatinine, CPK, thrombin time, and fibrinogen, showing a varying set of clinical characteristics. Partial vaccination did not substantially alleviate the severity of delta variant infection, while full vaccination significantly ameliorated the condition of the patients by amending coagulation dysfunction (including thrombocytopenia, prolonged aPPT, and thrombin time) and extenuating viremic impact on major organs (typified by reduced levels of ALP, ADA, BUN, creatinine, and LDH). These results pointed to that despite lowered effectiveness against delta variant, COVID-19 vaccination results in significantly reduced hospitalization and disease progression. This finding echoes with other studies (50, 51).

This study contains several limitations. First, compared to that in Wuhan, the local outbreak in Yangzhou with delta variant of SARS-CoV-2 adopted a different containment policy, where a city-wide nucleic acid testing was conducted immediately after the first few patients were identified. As a result, positive patients with COVID-19 were quickly quarantined and hospitalized for treatment, largely preventing the disease from worsening (52). Second, the size of the study cohort is low, especially for the delta variant cohort that was further divided into unvaccinated, partially vaccinated, and fully vaccinated. Comparison between small-size groups may not convey the most representative results. Third, the vaccine efficiency may not be assessed in this retrospective study, as all the cases included are confirmed patients with COVID-19 and acquired immunity against SARS-CoV-2 due to infection or vaccination cannot be distinguished, as it continues to decline along with changing mutations of the virus.

In this study, we reported the clinical profile of delta variant-infected patients with COVID-19 differing from wild-type infection and demonstrated the effective protection of inactivated vaccines against delta variant of SARS-CoV-2, although the vaccine designs were originally based on wild-type viral strains. Two solid conclusions can be made through this study: first, mass nucleic acid testing strategies can diagnose and, therefore, treat patients with COVID-19 in a timely manner, effectively confining the virus spreading and shortening the time interval between disease onset to hospitalization; second, sufficient vaccination can protect patients with COVID-19, once infected, from further disease progression into severity, greatly neutralizing the viremic effect in a preventive manner. Together, stringent adoption of these strategies could help to banish the COVID-19 pandemic soon.
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