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Background: Information on antibody responses following SARS-CoV-2 infection, including the magnitude and duration of responses, is limited. In this analysis, we aimed to identify clinical biomarkers that can predict long-term antibody responses following natural SARS-CoV-2 infection.

Methodology: In this prospective study, we enrolled 100 COVID-19 patients between November 2020 and February 2021 and followed them for 6 months. The association of clinical laboratory parameters on enrollment, including lactate dehydrogenase (LDH), neutrophil–lymphocyte ratio (NLR), C-reactive protein (CRP), ferritin, procalcitonin (PCT), and D-dimer, with predicting the geometric mean (GM) concentration of SARS-CoV-2 receptor-binding domain (RBD)-specific IgG antibody at 3 and 6 months post-infection was assessed in multivariable linear regression models.

Result: The mean ± SD age of patients in the cohort was 46.8 ± 14 years, and 58.8% were male. Data from 68 patients at 3 months follow-up and 55 patients at 6 months follow-up were analyzed. Over 90% of patients were seropositive against RBD-specific IgG till 6 months post-infection. At 3 months, for any 10% increase in absolute lymphocyte count and NLR, there was a 6.28% (95% CI: 9.68, −2.77) decrease and 4.93% (95% CI: 2.43, 7.50) increase, respectively, in GM of IgG concentration, while any 10% increase for LDH, CRP, ferritin, and procalcitonin was associated with a 10.63, 2.87, 2.54, and 3.11% increase in the GM of IgG concentration, respectively. Any 10% increase in LDH, CRP, and ferritin was similarly associated with an 11.28, 2.48, and 3.0% increase in GM of IgG concentration at 6 months post-infection.

Conclusion: Several clinical biomarkers in the acute phase of SARS-CoV-2 infection are associated with enhanced IgG antibody response detected after 6 months of disease onset. The measurement of SARS-CoV-2 specific antibody responses requires improved techniques and is not feasible in all settings. Baseline clinical biomarkers can be a useful alternative as they can predict antibody response during the convalescence period. Individuals with an increased level of NLR, CRP, LDH, ferritin, and procalcitonin may benefit from the boosting effect of vaccines. Further analyses will determine whether biochemical parameters can predict RBD-specific IgG antibody responses at later time points and the association of neutralizing antibody responses.
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Introduction

COVID-19 is an acute inflammatory disease, and the severity of infection is related to dysregulation of the inflammatory immune response (1). The disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in a critical threat to global health since the outbreak in December 2019 in China. Evidence suggests that patients with advanced age, respiratory distress, oxygen saturation of <90%, or pre-existing comorbidities are more susceptible to suffering from a severe disease (2, 3). Common clinical manifestations of COVID-19 patients include fever, cough, breathlessness, myalgia, fatigue, normal or decreased leukocyte counts, and radiographic evidence of pneumonia (4). A lack of immunity to the virus triggers the pathogenesis of the disease. Increased levels of inflammatory cells and markers in the blood, as well as high serum levels of several cytokines and chemokines, have been reported to be associated with increased disease severity and death (1). Higher levels of inflammatory markers (C-reactive protein and ferritin), liver enzymes, lactate dehydrogenase (LDH), D-dimer, creatine phosphokinase (CPK), and elevated inflammatory cytokines (IL-6, TNF-α) have been related with worse clinical outcome (5). Another study highlights the fact that the early formation of IgM and IgG antibodies does not necessarily lead to early elimination of SARS-CoV-2; however, the titer and specificity of antibodies may play a more important role in virus eradication (6).

Upon the entry of the virus into the cells, its antigen is presented to the host antigen presenting cells (APC) that play the central role in the body's antiviral immunity system. Antigen presentation subsequently stimulates the body's humoral and cellular immunity, which are mediated by virus-specific B and T cells. The SARS-specific IgM antibodies disappear at the end of week 12, while the IgG antibody can last for a long time, which may indicate that there is a protective role of IgG antibody (5). A community-based study showed that the kinetic of SARS-CoV-2-specific IgG antibody levels correlate with clinical parameters such as length and severity of infection (7). A trend of increasing antibody levels from asymptomatic to mild, moderate, and severe infection was observed from the study analysis (7). Although most predictive models rely on demographic features and data on clinical parameters obtained during hospitalization, time-dependent biomarkers, such as antibody titers and clinical laboratory values, substantially contributed to the development of a more accurate prediction model associated with COVID-19 severity and mortality (8).

Previous analysis has identified several clinical biomarkers, such as neutrophil-lymphocyte ratio (NLR), LDH, ferritin, C-reactive protein (CRP), and D-dimer, predictive for disease progression (2, 9, 10). In this analysis, we aimed to explore whether similar clinical biomarkers during the acute phase of SAR-CoV-2 infection help to predict long-term SARS-CoV-2-specific IgG antibody response post-infection.



Methods


Study participants and study sites

We enrolled 100 patients between November 2020 and February 2021 in Dhaka, Bangladesh, aged 18 years and above, who were confirmed positive using SARS-CoV-2 reverse transcription polymerase chain reaction (RT-PCR) for the first time prior to or during enrollment in a prospective cohort study as mentioned previously (2). We used WHO guidelines for COVID-19 (clinical symptoms and oxygen saturation) for determining the severity of the patients, which were collected from the hospital records on admission or the patient's condition during enrollment (11). Patients who provided a confirmed history of previous SARS-CoV-2 infection were excluded. During the enrollment period, none of our participants were vaccinated as COVID-19 vaccination in Bangladesh was initiated only in February 2021. Biweekly phone calls and scheduled clinic visits were carried out to collect information on vaccination status, clinical symptoms, and re-infection. In this analysis, we included all COVID-19 patients who completed the 3-month and 6-month follow-ups following enrollment. We excluded patients who were re-infected with SARS-CoV-2, defined as RT-PCR positive, or received any dose of the COVID-19 vaccine during or prior to the follow-up visits as it may have an impact on the antibody response. We selected all hospitalized patients from two COVID-19 designated hospitals: Kurmitola General Hospital and Mugda Medical College and Hospital as well as non-hospitalized patients from the community in Dhaka city. Ethical approval of the study was taken from the Institutional Review Board of the International Center for Diarrhoeal Disease Research, Bangladesh (icddr,b) and also from the Directorate General of Health Services (DGHS) of Bangladesh. Written informed consent was obtained from all study participants.



Clinical and laboratory data

Socio-demographic data, comorbidities, anthropometric measurements, and relevant clinical information were recorded during enrollment (Day 1). All patients were prospectively followed up on day 7, day 14, day 28, day 90 (month 3), and day 180 (month 6). We considered the date of first symptom appearance as the disease onset date for all symptomatic cases. In the case of asymptomatic patients, the date of probable exposure with any COVID-19 patient plus a 2-day incubation period (12) or a positive report of RT-PCR was considered as the disease onset date.

We collected venous blood and nasopharyngeal swabs (NPS) from our study participants. NPS was collected for the detection of SARS-CoV-2 using CDC 2019-nCoV RT-PCR Diagnostic Panel (CDC 2019-nCoV_N2 primers and probe set) from China as mentioned earlier (2, 13). The clinical biomarkers consisting of complete blood count (CBC), alanine aminotransferase (ALT), CRP, LDH, ferritin, creatine phosphokinase (CK), procalcitonin, and D-dimer were measured on the day of enrollment for the study as per the national guideline for the management of COVID-19 (14). The ratio of absolute neutrophil count to absolute lymphocyte count was set as the NLR value (15). We measured the SARS-CoV-2-specific IgM and IgG responses to the receptor binding domain (RBD) as several groups showed a good correlation with levels of neutralizing antibody titers and COVID-19 severity (16–18).



RBD-specific antibody responses from enzyme-linked immunosorbent assay (ELISA)

The RBD-specific antibody concentrations (ng/ml) were measured from blood samples collected at all follow-up visits by ELISA (isotype-specific anti-RBD monoclonal antibodies- Mab CR3022) (2, 19). We determine the cutoff for seropositivity as 500 ng/ml (0.5 μg/ml) for both IgG and IgM antibodies, which was the median plus the range of concentrations of SARS-CoV-2 IgG and IgM antibodies measured among pre-pandemic serum samples (19).



Statistical analysis

Baseline characteristics were reported as mean with standard deviation (SD) for continuous variables and frequency measures for categorical variables. The distribution of clinical biomarkers during acute infection (day 1) was presented as a geometric mean (GM) with a 95% confidence interval (CI). Simple and multiple linear regression models were fitted to determine the association of the concentration of clinical biomarkers on enrollment (Day 1) with IgG concentration at 3 months and 6 months following enrollment. Both the outcome variables (IgG) and the predictors (clinical biomarkers) were log-transformed before putting into the models. We built separate models for each biomarker to avoid multicollinearity. All the multivariable models were adjusted for covariates of prior interest, such as age, sex, body mass index (BMI), blood group, diabetes mellitus, and the interval between disease onset and enrollment. These covariates were purposefully selected based on the literature review (20–22). The strength of association was reported as the percentage change in the GM of IgG (ng/ml) concentration for any 10% increase in the concentration of the clinical biomarkers (original unit). A p-value of <0.05 was considered a statistically significant association.




Results


Baseline characteristics of the cohort

The mean age of the 100 COVID-19 patients was 46.83 ± 14 years, and 60% of the patients in our cohort were male (Table 1). Diabetes mellitus was the most common comorbid disease (28%) in this cohort (Table 1). The mean BMI of the COVID-19 cases was 25.87 ± 3.65 kg/m2, and 32% of the patients belonged to the O blood group. In total, 68 and 55 COVID-19 patients were included in the final analysis who completed 3 months and 6 months of follow-up, respectively, after excluding re-infection, COVID-19 vaccines, death, and dropout cases (Figure 1). Patients were enrolled in the study at different time points from the disease onset, and the median days between symptom onset and enrolment were 10 days (IQR: 7.75, 12). The distribution of clinical biomarkers is outlined in Table 2. The geometric mean value of NLR 4.22 (95% CI: 3.40, 5.25), LDH 277.76 (95% CI: 251.56, 306.70), and CRP 1.45 (95% CI: 0.97, 2.17) was elevated above the normal range, whereas the geometric mean value of absolute lymphocyte counts 1.01(95% CI: 0.87, 1.17) was decreased during the acute infection (Table 2).


TABLE 1 Baseline characteristics of COVID-19 patients.
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FIGURE 1
 Analysis flow chart of cases.



TABLE 2 Baseline distribution of clinical biomarkers.
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RBD-specific antibody responses

The RBD-specific IgG responses increased initially till 3 months following the natural infection of COVID-19 and declined subsequently, whereas the RBD-specific IgM started declining within 1 month of infection after early responses (Figure 2). Approximately 96% of the patients were found seropositive against RBD-specific IgG at 3 months (day 90) and 93% of the patients were seropositive against RBD-specific IgG at 6 months (day 180) following infection (Figure 3A). Maximum (98.9%) IgG seropositivity was observed on day 14 and day 28. Only 33.8% of the patients were found seropositive against RBD-specific IgM at day 90, whereas only 18% of the patients had IgM concentration > 500 ng/ml at day 180 (Figure 3B). Maximum (79.8%) IgM seropositivity was observed on day 7.


[image: Figure 2]
FIGURE 2
 The trend of SARS-CoV-2-specific antibody IgG and IgM concentration over the time period.
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FIGURE 3
 Seropositivity against SARS-CoV-2 RBD-specific IgG (A) and IgM (B) of patients at different follow-up days till 6 months.




Clinical biomarkers predicting SARS-CoV-2 IgG response at 3 months post-infection

We found several clinical biomarkers during acute infection predicting SARS-CoV-2 RBD-specific IgG concentration during the convalescent period. In adjusted models, for any 10% increase in the hematological parameters, such as absolute lymphocyte count (109/L) and NLR, there was a 5.32% (95% CI: 8.98, 1.53) decrease and 3.74% (95% CI: 0.93, 6.62) increase, respectively, in the GM of IgG (ng/ml). Any 10% increase in the inflammatory markers, such as LDH (U/L), CRP (mg/dl), ferritin (ng/ml), and procalcitonin (ng/ml), was associated with a 10.63% (95% CI: 4.33, 17.31), 2.87% (95% CI: 1.25, 4.51), 2.54% (95% CI: 0.59, 4.53), and 3.11% (95% CI: 0.32, 5.97) increase, respectively, in the GM of IgG antibody concentration (ng/ml). Absolute neutrophil count and D-dimer concentration on Day 1 were found to be significantly associated with IgG concentration at 3 months following infection in the unadjusted model, but the associations lost statistical significance after adjusting for the covariates (Table 3).


TABLE 3 Association of clinical biomarkers on day 1 with SARS-CoV-2 IgG at 3 months.
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Clinical biomarkers predicting SARS-CoV-2 IgG response at 6 months post-infection

We found some common clinical biomarkers from the acute phase of infection predicting SARS-CoV-2 RBD-specific IgG concentration at 6 months post-infection (Table 4). In adjusted models, for any 10 % increase in LDH (U/L), CRP (mg/dl), and ferritin (ng/ml), there was 11.28% (95% CI: 4.19,18.85), 2.48% (95% CI: 0.49, 4.50), and 3.00% (0.59, 5.46) increase in the GM of IgG (ng/ml) at 6 months post-infection. Although procalcitonin and D-dimer were found significantly associated (p = 0.043 and p = 0.005, respectively) in the unadjusted model for predicting IgG concentration at 6 months, the associations lost statistical significance after adjusting with the covariates.


TABLE 4 Association of clinical biomarkers on day 1 with SARS-CoV-2 IgG at 6 months.
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Discussion

SARS-CoV-2 antibody responses are presently an important scientific issue as they can determine the seropositivity following infection and/or vaccination. The longevity of this immunity following SARS-CoV-2 infection may vary individually and depend on clinical parameters during infection (20). In this prospective study, we evaluated the clinical biomarkers (NLR, LDH, ferritin, CRP, procalcitonin, and D-dimer) during the acute phase of SAR-CoV-2 infection which will help to predict long-term SARS-CoV-2-specific IgG antibody response as late as 6 months following natural infection.

The immune responses after SARS-CoV-2 infection differ between patients suffering from varying ranges of severity (2). The reasons for the variation in immune responses to natural infection remain unclear and unpredictable. The factors responsible for long-term immunity after SARS-CoV-2 infection are also current topics of major scientific interest. IgG and IgM responses during the acute stage are well studied in different settings in the world, but the long-term immune responses are yet to be determined in South Asian countries like Bangladesh. Investigating the routine clinical biomarkers with long-term antibody responses in Bangladesh will provide an appropriate understanding of the protection of the disease. Such biomarkers may be a surrogate for determining long-term immune response in resource-limited settings where measuring antibody concentration is challenging.

We analyzed RBD-specific antibody responses of the COVID-19 patients following natural infection who completed 3 or 6 months of follow-up. We found that both the IgG and IgM responses commenced within 10 days of disease onset. Different studies showed that serum IgM and IgG responses were detectable due to the development of adaptive immunity within 5 to 7 days and 7 to 10 days, respectively, following the onset of symptoms (23–25). A similar trend of IgG and IgM responses was found in the primary analysis of this cohort in Bangladesh (2). In general, serum antibody level responses tend to decline after the acute phase of the disease as the “effector” response of B cells is stimulated during the first weeks after infection (25).

We also found that high levels of the IgM responses persisted for 1 month following disease onset and began to decline gradually. A similar finding was confirmed by the other study conducted in China (26). The IgM response became lower than the cutoff value after the 3rd month of SARS-CoV-2 infection. In our study, we observed a declining trend of SARS-CoV-2 RBD-specific IgG responses after 3 months of infection though 95.6% of patients were seropositive at the end of 3 months. The seropositivity was 92.7% during 6 months of follow-up, and similar sero-responses were found in the other study conducted in Germany (20). Some studies suggested that anti-SARS-CoV-2-specific IgG antibodies declined at 3 months following an infection (27, 28), whereas others reported IgG responses sustained over 3 to 6 months (26, 29, 30). However, our findings on the long-term trend of SARS-CoV-2 antibody response are the first from Bangladesh, which is consistent with the results observed elsewhere (20, 26–30). Further studies are necessary to find out a clearer understanding of the anti-SARS-CoV-2- specific IgG antibody responses.

COVID-19 is a multisystem disease instead of a localized respiratory infection, caused by a diffuse systemic process involving a complex interplay of immunological, inflammatory, and coagulative cascades (31). Excessive pro-inflammatory response of the former and dysregulated host response of the latter lead to tissue damage. The extensive immune dysregulation results in the release of massive amounts of cytokines and chemokines typically known as the “cytokine storm” (31), which is characterized by an increase in several pro-inflammatory cytokines in the serum concentrations. Thus, lymphocyte counts and cytokine concentrations could be used as biomarkers to predict the severity grading and persistence of the disease (5). In our earlier analysis, we observed that individuals suffering from moderate-to-severe COVID-19 had higher SARS-CoV-2 RBD-specific IgG concentration compared to the mild and asymptomatic cases indicating that immune responses are correlated with disease severity (2). It has been studied that the magnitude of early CD4+ T-cell immune responses correlates with the severity of initial infection, although there was no correlation between soluble inflammatory markers, such as D-dimer, and the long-term T-cell responses (21).

Following infection, several acute-phase reactants, such as CRP, LDH, ferritin, and D-dimer, play a crucial role in inflammatory responses (32). CRP and LDH are plasma proteins, which are induced by various inflammatory mediators and are clinically used as biomarkers for various inflammatory conditions (33). Similarly, increased serum ferritin levels during acute infection indicate a significant host defense mechanism by limiting the availability of iron to pathogens and protecting immune cell function (34). In our analysis, we found a strong statistical association between CRP, LDH, and ferritin in predicting long-term SARS-CoV-2-specific IgG concentration at both 3-month and 6-month periods following infection, suggesting that elevated levels of these biomarkers during acute infection may surrogate the presence of antibody response as late as 6 months post-infection. On the other hand, elevated serum procalcitonin was observed commonly in hospitalized COVID-19 patients ranging from moderate-to-severe forms of the disease (2, 35). Procalcitonin is also an acute-phase reactant and is usually been associated with bacterial infections (36). This biomarker was significantly associated with predicting IgG concentration at 3 months post-infection but not at a later time point.

The coagulative cascade involves endothelial cells, platelets, neutrophils, monocytes, and macrophages. The vascular endothelium of a healthy individual is both anti-thrombotic and anti-inflammatory, which is disrupted in COVID-19 leading to thrombosis and inflammation. Macrophages, recruited to fibrin thrombi, generate plasmin, through which fibrin is degraded to D-dimers. Thus, macrophages possibly contribute to the unusually extreme elevation of D-dimers seen in COVID-19 (31). However, in our analysis D-dimer was was not significantly associated in predicting IgG concentration at both 3 and 6 months post infection.

One of the major limitations of this analysis was the final sample size included in the analysis. The sample analyzed for the 3-month and 6-month models is different from the original sample of 100 patients (2) because of the loss to follow-up, including death, and exclusion of cases with re-infection and vaccination. However, the background characteristics remain quite comparable between the samples. As the original cohort enrolled patients purposely based on severity, we were unable to adjust for disease severity due to bias. In the case of asymptomatic patients, as there were no symptoms, we assumed the disease onset was based on assumptions of the date of exposure with COVID-19 patient or RT-PCR positive report.



Conclusion

In this current analysis, we were able to identify some of the routinely performed clinical biomarkers during acute infection in predicting SARS-CoV-2 IgG responses over the time period, which suggested the importance of longevity of the immune response. The measurement of SARS-CoV-2-specific antibody responses is not feasible in all settings as it requires improved techniques. In Bangladesh, measuring RBD-specific IgM and IgG is approved by the government only for institutional and research purposes; hence, it is not easily available in hospitals or clinics. Thus, routinely performed clinical biomarkers during acute infection will serve as surrogate markers in predicting long-term immune response as late as 6 months post-infection. Additionally, patients exhibiting increased levels of NLR, CRP, LDH, ferritin, and procalcitonin during acute infection may benefit from boosting effect on the SARS-CoV-2 IgG concentration even with a single dose of COVID-19 vaccine after 3 months of infection (37). Although in our study we only analyzed the RBD-specific antibody response, previous studies have shown that RBD-specific antibody concentration correlates with neutralizing antibody titers (16, 17, 38). In addition, several studies have also shown a correlation between RBD-specific antibody titer and disease severity (2, 8, 18). However, to better understand the correlates of protection, a prospective analysis will be needed to study the association of neutralizing antibody with the acute-phase reactant biomarkers and RBD-specific antibody response.
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