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        Abstract


        Introduction: As the spike protein of the SARS-CoV-2 envelope has been shown to be highly immunogenic and is the main target for neutralizing antibodies, the present pilot study aimed to evaluate the IgG antibody response to SARS-CoV-2 spike protein in HIV seropositive patients co-infected with COVID 19.


        Material and methods: This cohort study was carried out in Delhi with HIV seropositive patients infected with COVID-19 whose 6 consecutive blood samples were collected after a gap of every 15 days starting at day 20 post Covid-19 positivity and tested for SARS-CoV-2 anti spike protein IgG antibody by ELISA.


        Result: Of the 30 patients who were enrolled in this study, in 23.33% specific SARS-CoV-2 spike-binding IgG antibody were not detected in any of their samples. Of the 76.67% patients who had developed COVID-19 IgG antibody, 70% were found to seroconvert at 3 weeks and stability of antibody remained at an average of 65 days post-infection in these patients.


        Conclusion: The sero-conversion and stability of SARS-CoV-2 anti spike protein IgG antibody in HIV seropositive individuals, who developed COVID-19 infections, are somewhat similar to general population with COVID-19 infections, starting at three weeks post-infection and persisting up to 2-4 months. Seroconversion may not be related to clinical severity of the disease. However 23.33% did not have detectable specific SARS-CoV-2 spike-binding IgG antibody in any of their samples till 3 months post-infection.
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        Introduction


        The infection with severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) and the development of coronavirus disease 2019 (COVID-19) represents a major global health care challenge. Laboratory diagnosis of infected patients and the assessment of immunity against SARS-CoV-2, presents a major cornerstone in handling the pandemic. Laboratory testing is built on 2 different pillars: On one side, the detection of viral RNA, and on the other side measuring antibodies of various isotypes against SARS-CoV-2 components, reflecting the host immune response. Although antibodies develop quite early during the course of the disease, the serological response is not suitable for early detection of infected patients.


        The spike protein (SP) of the SARS-CoV-2 envelope has been shown to be highly immunogenic and is the main target for neutralizing antibodies [1]. By day 14 after symptom onset, the serum of 95-100% of patients with COVID-19 contains IgG antibodies to the Spike Protein of the SARS-CoV-2 envelope, including antibodies to the receptor-binding domain (RBD) of the SP, which strongly correlate with antibodies that neutralize viral replication in cell cultures (i.e. neutralizing antibodies NtAb) [2-4]. However, studies have also shown some people who presented positivity in results from the molecular test did not have detectable levels of protective IgG antibody. Furthermore, neutralizing antibodies were low or not at all present even in hospitalized patients [5,6]. This situation raises questions about protective immunity and about the ability of patients to mount an antibody response.


        Due to the lack of published academic work for coinfections of SARS CoV-2 in HIV seropositive patients (HIV-CoV-2) not much is known about the clinical and epidemiological outcomes in such patients. It is not clear whether this lack of published data is due to the lack of screening for the HIV-CoV-2, or whether the SARS CoV-2 is just not present frequently in HIV seropositive patients. During the current coronavirus pandemic, this lack of information is a concern in countries with high HIV cases, especially in Sub-Saharan Africa-where 70% of people living with HIV are found [7]. Knowledge about HIV reveals that the virus attacks and destroys the immune system and specific antibody responses are delayed or even fail to develop, which consequently results in the long course of this disease. Except for isolated case reports and very few case series literature fails to document studies focusing on immune response in patients living with HIV and is co-infected with COVID-19 [8-10].


        With this background, the present pilot study aimed to evaluate the IgG antibody levels to SARS-CoV-2 spike protein in HIV seropositive patients co-infected with COVID-19.


        The objective was to find out the IgG antibody response to SARS-CoV-2 SP in HIV seropositive patients co-infected with COVID 19 by an ELISA based kit and also evaluate the time of appearance and disappearance of this antibody in these patients. This study also correlate's SARS-CoV-2 antibody levels with CD4+ T-cell counts and severity of both HIV as well as COVID-19.


        Material and Methods


        This cohort study was carried out in the department of Microbiology and ART clinic of a tertiary care hospital in Delhi within a time frame of 4 months after approval by Institutional Ethical Committee (IEC). Informed written consent and assent (as applicable) were obtained from all participants/caregivers (for children).


        HIV seropositive patients of all age groups, either sex, infected with COVID-19 as evidenced by a positive RT-PCR or Rapid Ag test for Covid-19 were included in the study. As this was a pilot study sample size could not be calculated.


        Patients on immunomodulators or prolonged steroids were excluded from the study.


        Methodology


        6 consecutive 2 ml blood samples were collected after a gap of every 15 days on day 20th, 35th, 50th, 65th, 80th, 95th and 110th days after Covid-19 positivity and serum was tested form anti SP IgG antibody to SARS-CoV-2 using an ELISA based kit following manufacturer's instructions (ErbaLisa COVID-19 IgG ELISA Transasia Bio-Medicals Ltd, India, Sensitivity 99.12% and Specificity 99.33%). The levels and the time course of SARS-CoV-2-specific spike-binding IgG antibodies were monitored every 15 days as reflected by the antibody index. At the first visit after COVID-19 positivity, CD4+ count was also estimated. At any point of time when a patient turned SARS-CoV-2 Ab negative after initial positivity, no further blood samples was taken from that person.


        Demographic profile and WHO clinical staging of HIV were obtained from records/telephonic interview. Laboratory parameters (maintained at the ART Clinic) like recent CD4 count and viral load of HIV were obtained from records.


        Patients were categorized into mild, moderate and severe cases of Covid-19 illness as per Ministry of Health and Family Welfare (MoHFW) guidelines version 3, dated 13.06.20 [11].


        Mild


        Patients with uncomplicated upper respiratory tract infection may have mild symptoms such as fever, cough, sore throat, nasal congestion, malaise, headache, without evidence of breathlessness or Hypoxia (normal saturation). Managed at Covid Care Centre (CCC/at home).


        Moderate


        Pneumonia with no signs of severe disease, with presence of dyspnea and or hypoxia, fever, cough, including SpO2 < 94% on room air, respiratory rate ≥ 24/minute.


        In case of child fast breathing (in breaths/min): < 2 months: ≥ 60; 2-11 months: ≥ 50; 1-5 years: ≥ 40. Managed at Dedicated Covid Health Centre (DCHC).


        Severe


        Severe Pneumonia: Adolescent or adult: with clinical signs of Pneumonia plus one of the following; respiratory rate > 30 breaths/min, severe respiratory distress, SpO2 < 90% on room air. Child with cough or difficulty in breathing, plus at least one of the following: central cyanosis or SpO2 < 90%; severe respiratory distress (e.g. grunting, chest in- drawing); signs of pneumonia with any of the following danger signs: Inability to breastfeed or drink, lethargy or unconsciousness, or convulsions. Other signs of pneumonia may be present: chest in drawing, fast breathing (in breaths/min): < 2 months ≥ 60; 2-11 months ≥ 50; 1-5 years ≥ 40. Managed at DCHC.


        All samples were obtained using universal precautions and use of PPE (as necessary). The waste samples were disposed off as per Biomedical Waste Management rules after completion of study.


        Results


        Initially 32 patients had been recruited in the present study as per our inclusion criteria. However due to death of one patient and refusal to give further sample by another patient, finally 30 patients were enrolled in this study.


        Male patients (64%) outnumbered the females (28%) and transgenders (8%).


        Most of these patients were in the age group of 40-50 years (43%). The median age of these patients were 35 years (ranging from 2 to 50 years). (The Interquartile range at 25th and 75th percentile was: 1, 2).


        Development of COVID-19 IgG antibody in HIV-CoV-2 patients


        Out of 30 HIV-CoV-2 infected patients, 7 patients (23.33%) did not have detectable specific SARS-CoV-2 spike-binding IgG antibody in any of their samples till 3 months post-infection. Rest 23 patients (76.67%) developed antibody at different time period post-infection (Figure 1).


        
          [image: ] Figure 1: Kaplen Meier curve showing shows the probability of respondents not showing detectable antibody decreasing over time. View Figure 1

        


        Of the 23 patients who had developed COVID-19 IgG antibody, 16 patients (69.67%) were found to possess IgG antibody on the 20th post-infection day, 4 patients (17%) on the 35th day, 2 patients (8.6%) on the 50th day and 1 patient on 65th day post-infection (Figure 2).


        
          [image: ] Figure 2: COVID-19 IgG antibody positivity in HIV-CoV-2 patients. View Figure 2

        


        Stability of COVID-19 IgG antibody in HIV-CoV-2 patients


        Approximately 70% (16 out of 23 patients) of the participants had antibody stability till 65th day post-infection. Out of these 23 patients who had sero-converted, 13% (3 patients) showed persistence of COVID antibody beyond three and half months although their antibody index decreased in successive samples. Further samples of these 3 patients for detecting antibody were beyond the scope of this study. Six patients (26%) had antibody stability lasting for up to 3 months. The stability of COVID-19 IgG antibody positivity in HIV-CoV-2 patients is predicted in Figure 3.


        
          [image: ] Figure 3: Box plot description of anti-SARS-CoV-2 spike protein IgG antibody index at various time points (day 20th, 35th, 50th, 65th, 80th, 95th & 110th) among those HIV-CoV-2 patients in which detectable antibody were seen.

          Time points 1 = 20th day, 2 = 35th day, 3 = 50th day, 4 = 65th day, 5 = 80th day, 6 = 95th and 7 = 110th day of COVID antibody sample. View Figure 3

        


        Characteristic of HIV seropositivity in SARS-CoV-2 patients


        All HIV-CoV-2 patients were on anti-retroviral treatment (ART) except one patient. This patient although develop low antibody index at 3 weeks post-infection, it did not last beyond this time.


        CD4 counts of all patients were ≥ 200 cells/mm3 except one patient. This patient with CD4 count of 34 cells/mm3 did not develop antibody response at all. The median CD4 count of these patients was 300 cells/mm3 (ranging from less than 50 to more than 500 cells/mm3). The Interquartile range at 25th and 75th percentile was 1.25 and 3.


        Two patients (6.7%) had high viral load (> 1000 copies per ml) while 28 patients (93.4%) did not reach the target level for detection of HIV viral load. These patients with high viral load also had no detectable antibody response till 3 months post-infection.


        All patients were in clinical staging AIDS category I, except one patient who was in category III AIDS. This patient also had no detectable antibody response till 3 months post-infection.


        93% of patients were in mild clinical category of COVID-19 and two patients (6.6%) had moderate disease. These two patients were hospitalized for oxygen support only and were discharged after 10 days. These patients did not need intensive care admission. These two patients who were hospitalized (COVID-19 moderate category) had detectable antibody response which lasted beyond 110 days post-infection.


        The other patient whose detectable antibody response was beyond 110 days had multiple mild symptoms like fever (99-100 °F), dry cough, anosmia, dysgeusia and also 3 co-morbidities.


        Out of 30 patients, 28 (93.3%) had associated co-morbidities, while two patients (6.6%) did not have any co-morbidity. The most common co-morbidity was hypertension (20%). More than one co-morbidity was seen in 4 patients (14%). Two of these patients had more than 2 co-morbidities and had antibody stability for more than 110th day. Other two patients had more than 3 co-morbidities but antibody stability was till 95th day in one and more than 110th day in the other Figure 4.


        
          [image: ] Figure 4: Distribution of various Co-morbidities of SARS-CoV-2 patients. View Figure 4

        


        Discussion


        In present study, 76.67% (23 out of 30) of patients had showed a positive antibody response to spike (S) protein of SARS-CoV-2 at different time periods post-infection starting with 3 weeks after infection. Seroconversion to SARS-CoV-2 was noted in 70% (16 out of 23) of HIV seropositive individuals in the present study at a median of 3 weeks post-infection. Rest of the participants sero-converted at day 35th (17%), day 50th (9%) and day 65th (4%). Present study corroborates with finding by Shinay, et al. from Japan where seroconversion was seen in 30 days post symptoms onset in HIV patients with SARS-CoV-2 [12]. In studies with non HIV seropositive COVID-19 infected individuals seroconversion has been documented at a median of 10-14 days [2]. Although seroconversion could have appeared earlier in present study but the authors did not look for antibody before 20 days post-infection. Similar studies from Spain, Germany and China showed 75%, 95% and 100% rate seroconversion at a median of 11 days, 21 days and 19 days respectively [13-15]. In another study from Philippines, patients with diagnosis of solid malignancies showed seroconversion in 94% cases [16]. In the same study significantly lower seroconversion was observed in patients with hematological malignancy (82%), stem cell transplant recipients (60%) and in patients who received anti-CD-20 antibody therapy (59%), although 100% seroconversion was seen in patients who received monoclonal antibody [16]. These data show differential rates of seroconversion in specific patient groups as compared to general population and can be important for clinical monitoring and vaccination strategies. Seroconversion is important in patients who are immunodeficient as in HIV or those who receive immunosuppressive therapy as mounting humoral immunity to COVID-19 is crucial not only in recovering from this COVID-19 but also to establish and maintain herd immunity through effective vaccination strategy.


        23% of our patients did not mount a detectable IgG response to COVID-19 spike protein, although all of these (except one) had CD4 count > 200 cells/mm3. Study from Wuhan, China in HIV individuals showed no antibody response though their patients had CD4 count of < 50 cells/μL [17,18]. Although Zhao, et al. suggests that low CD4+ T-cell count might partly explain the incomplete viral clearance and delayed humoral responses towards SARS, nevertheless this was not the case in the present study [19]. As number of CD4+ cells, is probably not a direct cause, so other causes of innate immune response like the activity of macrophages/dendritic cells and B cells may have a role and further research in such field will help at arriving to a plausible conclusion.


        Approximately 7% of our patients who did not seroconvert had high viral load for HIV (> 1000 copies/ml). Another 3% of these who did not seroconvert was in category III of clinical staging of AIDS. Probability of destruction of the immune response by the two viruses together also remains a possibility. More research into this aspect with large cohorts are needed to characterize this further. Studies in HIV-1-infected children and adults have shown that blood resting memory cells are reduced in number during HIV-1 infection and that their decline correlates with reduction of antibody (Ab) titers against childhood vaccinations [20,21]. This fact can influence activation of B cell and subsequent generation of specific SARS-CoV-2 spike-binding IgG antibody. Whether vaccination strategy for these patients will be effective in such situation needs further exploration.


        In the present study time to seroconversion was not related to clinical severity of COVID-19 disease (60% of the mild cases in present study sero-converted by 20 days post-infection) as is evident from documented studies [15,22-25], More studies are required to establish that clinical severity is associated with significantly earlier seroconversion.


        Present study documents decrease in antibody levels subsequently in successive samples in all patients as evidenced by the antibody index, until it ultimately became undetectable. Persistence of detectable antibodies beyond three and half months (110 days) was not seen in most (86.96%) of our patients. Approximately 70% (16 out of 23 patients) of the participants had antibody stability till day 65th post-infection and only 13% patients had persistence of antibody till 110 days, similar to study from Canada in general population with COVID-19 infection, where persistence of anti-spike IgG antibody was up to 105th day post symptom onset [2]. Study from Japan showed persistence of SARS-CoV-2 antibody in HIV patients for upto 120 days post symptoms onset similar to studies from North America in non HIV individuals [12,28]. Data from available literature documents that anti-SARS-CoV-2 spike protein IgG antibody level remained fairly stable, at 75-115th day post symptoms onset [26-30]. Of the 13% whose antibody persisted beyond 110 days, two patients needed hospitalization due to moderate clinical severity of COVID-19 disease. But whether clinical severity of COVID is associated with longer persistence of antibody also needs further supportive studies for documentation in literature.


        The median age of participant in the present study was 35 years and with a short course and complete recovery. Study by Scott, et al. documents similar course and recovery in their short series of HIV patients with COVID-19 [9]. A similar case series by Georg, et al. also report similar experience among symptomatic COVID-19 patients living with HIV on ART [10]. In contrast, studies from China reports long disease course and from New York reports severe disease (89%) and mortality (78%) [15,31]. Recent evidence suggests that in those who have low CD4+ T-cells lymphocytes, several clinical features including older age, elevated inflammatory markers and chest X-ray abnormalities are predictive factors of severe COVID-19 and death [19,34,35]. HIV related lymphopenia can delay the clearance of virus and promote progression of the disease. However, further large observational studies are needed to verify these facts.


        In present study majority of patients were males (M: F: Transgender = 16:7:2) similar to study from Italy and China in HIV-CoV-2 population [34,35].


        93.3% patients in present study had associated co-morbidities of which the most common of which were hypertensions (20%) and hyperlipidemia (13.3%) similar to study in HIV patients from Iran [36]. The impression that co-morbidities may be an important factor for mortality in SARS-CoV-2 infection needs more studies to be a established in HIV-CoV-2 co-infected cases to arrive at an useful conclusion for better management of such patients.


        Conclusion


        HIV-CoV-2 coinfected patient usually seroconvert in approximately similar time period to non HIV COVID-19 infected individuals. This ability to develop natural immunity against the SARS-CoV-2 in HIV seropositive individuals bodes well for a good response to COVID-19 vaccines although literature denotes decline in resting memory cells may decline Ab production. Seroconversion may not be related to clinical severity of the disease. The stability of antispike antibody in such individuals is also somewhat similar to general population with COVID-19 individuals persisting upto 3-4 months. The most common co-morbidities were hypertension and hyperlipidemia, but whether co-morbidities increase mortality is AIDS patients is still to be established.


        Limitation of the Study


        This was a pilot study with a small sample size. Thus, further large observational and cohort studies are needed to establish these data. This will help in understanding the clinical course and progression to severe disease in patients with HIV and will help in better management and prevention of COVID-19 and HIV patients.


        Moreover, the possibility of using other biological parameters like CCR7, CCL19 and CCL21, to measure the time of emergence of specific SARS-CoV-2 spike-binding IgG antibody in such HIV patients has not been explored as it was not within the scope of our study. These parameters probably have a role in increased permissiveness of resting memory CD4+ T-cells to HIV infection and post integration latency [37]. This area may be further looked into in subsequent studies for not only for time of emergence of Ab but also for establishment of probable role in Covid vaccination strategy in these HIV patients.
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