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ABSTRACT

Purpose: Due to a lack of effective antiviral treatment, several vaccines have been put forth to curb SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2) infection and to reduce the mortality and morbidity rate by
eliciting a protective immune response, primarily through virus-neutralizing antibodies specific for SARS-CoV-2
spike protein. This longitudinal study was designed to evaluate the vaccine effectiveness and immune response
following the administration of adenoviral vaccine, COVISHIELD, in Indian population who were previously unin-
fected with SARS-CoV-2 and to reveal the effect of various sociodemographic, inflammatory and biochemical
factors on antibody response.

Methods: Briefly, the total immunoglobulin G (1gG) against SARS-CoV-2 spike and nucleocapsid protein along with
the immunological markers were estimated by chemiluminescent microparticle immunoassay (CMIA) technol-
ogy. Biochemical parameters were estimated by spectrometry.

Results: A total of 348 subjects received two doses of COVISHIELD (224 males, 124 females). The mean age of the
study subjects was 42.03 £ 13.54 years. Although both the doses of COVISHIELD against SARS-CoV-2 spike protein
induced a robust immune response that lasted for months in all the subjects, the total IgG titer against SARS-
CoV-2 spike protein was found significantly higher in subjects >50 years of age, and those with obesity, elevated
triglycerides and elevated lactate dehydrogenase levels.

Conclusions: There is a definite effect of age and biochemical factors on the immunogenicity of COVISHIELD. An
understanding of these factors could not only impact the design of vaccines and help improve vaccine immunoge-
nicity and efficacy but also assist in decisions on vaccination schedules, in order to combat this deadly pandemic.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused panic, with the World Health Organization
(WHO) declaring it as a global health emergency on January
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30, 2020 (1,2). Since the start of the pandemic, SARS-CoV-2
has affected more than 50,59,75,895 people, causing more
than 62,03,293 deaths worldwide by March 2022 (3). As
of April 20, 2022, the total number of cases in Jammu and
Kashmir was 4,53,955 including 4,49,140 cures and 4,751
deaths (4). Total vaccine doses administered in the union
territory of Jammu and Kashmir were 2,24,75,070 (5).
Although several treatment strategies have been devel-
oped, vaccination is still the most important means to com-
bat SARS-CoV-2 infection or to curb the coronavirus disease
2019 (COVID-19) pandemic (6).

The Indian national vaccination program started from
January 16, 2021, after the approval of two candidate vac-
cines namely COVISHIELD (ChAdOx1-nCOV-19 or AZD1222,
acquired from Oxford University and AstraZeneca, manu-
factured by Serum Institute of India, Pune—a chimpanzee
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adenovirus-vectored vaccine expressing the SARS-CoV-2 spike
protein) and COVAXIN (BBV-152, manufactured by Bharat
Biotech, Hyderabad, in collaboration with Indian Council of
Medical Research—an inactivated whole-virus vaccine) (7,8).
COVISHIELD is one of the most commonly used vaccines in
India, eliciting the antibody response against SARS-CoV-2
spike protein. COVAXIN is yet to get WHO approval, thus the
popularity of this vaccine among common Indian masses is
relatively less.

All vaccines follow the same basic principle, pre-exposing
the immune system of a person to either killed or weak-
ened pathogens, or some of the pathogen’s structural parts,
which leads the body to elicit an immune response (9).
Similar to infection, vaccines result in early production of
serum immunoglobulin (Ig)A, 1gM and IgG antibodies, and
also induce long-lasting memory B- and T-cell responses
(10-12). Adenoviral vaccines are those in which viral gene
delivery systems rely on a host viral genome (e.g., adenovi-
rus) that typically lacks the genetic components necessary
to produce new virions and that encodes antigenic compo-
nents of the virus of interest to elicit a protective immune
response, primarily through virus-neutralizing antibodies
specific for spike protein of SARS-CoV-2. Such antibodies
usually block the interaction of the virus with its cellular
receptor or prevent conformational changes required for
fusion of the virus with the host cell membrane and prevent
the infection (13-15).

Although not very well established, various sociodemo-
graphic and clinico-biochemical factors affect the antibody
production in response to vaccination. Male gender and
higher age have been demonstrated to hamper SARS-CoV-2
vaccine immunogenicity (16). Similarly, different ethnic
groups demonstrated varied antibody responses indicat-
ing a genetic influence on vaccine immunogenicity (17). In
chronic obstructive pulmonary disease (COPD) and other
lung infections, not only the initial response to pathogens
and vaccines but also the strength with which the adaptive
immune system responds to such challenges is impaired,
leading to recurrent infections (18). Hypertension has been
strongly associated with lower antibody titers in response
to COVID-19 messenger ribonucleic acid (mRNA) vaccine
(19). Hyperglycemia has been found to inhibit interleukin-6
(IL-6), thereby suppressing the antibody production (20). It
was reported that obesity increased the likelihood of a poor
vaccine-induced immune response (21). Obesity, dyslipid-
emia and excess adipose tissue could block the supply of
nutrients to immune cells, leading to a constant low-grade
inflammation thereby disrupting some immune responses,
including those launched by T cells which can reduce the
subsequent antibody production (22,23). Several studies
showed that in severe SARS-CoV-2 infection, there is an
increased serum level of inflammatory markers, such as
C-reactive protein (CRP), lactate dehydrogenase (LDH), fer-
ritin, D-dimer, and IL-6, all of which may result in cytokine
storm (24) and lower levels of lymphocyte and platelets (25).
IL-6 can reduce the production of fibronectin, albumin, and
transferrin as well as the promotion of CD4+ T helper cells,
which initiates the linking of innate and acquired immunity
(26). Moreover, IL-6 is synthesized in the initial stages of
inflammation and induces a number of acute-phase proteins,
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including CRP (27). High CRP has been shown to suppress
T-cell function in autoimmune mouse models and to sup-
press dendritic cell (DC) function in normal people (28).
More recent data suggest that hyperferritinemia may sup-
press immune responses by its ability to induce production
of the anti-inflammatory cytokine IL-10 in lymphocytes (29).

Safety and immunogenicity are the major concerns
regarding vaccines as their immunogenicity varies between
individuals. Identifying the factors that affect the variability
of antibody response to vaccines will not only contribute to
studies on vaccines but also help to draft the strategies to
combat this deadly pandemic as multiple variants of concern
(VOCs) have the potential to jeopardize the effectiveness of
vaccines. Overall no suitable study has been done till date
that depicts the effect of various inflammatory and biochemi-
cal markers on antibody titer in response to vaccines against
SARS-CoV-2 infection and vice versa. Therefore, the aim of
this longitudinal study was to evaluate the vaccine effective-
ness and immune response following the administration of
COVISHIELD vaccine in Indian population who were previ-
ously uninfected with SARS-CoV-2 and to reveal the effect
of various sociodemographic, inflammatory and biochemical
factors that affect antibody response.

Materials and methods

Ethics statement

This study was performed in line with the principles
of the Declaration of Helsinki. Ethical clearance for the
study was sought from the Institutional Review Board,
Government of Medical College Srinagar vide No. 1003/
ETH/GMC. Informed consent both in vernacular as well
as in English language was taken from the participants.
Standard questionnaire or patient proforma was properly
recorded and drafted as per sociodemographic and clinico-
biochemical parameters. Vaccination data, including the
name of the vaccine, number of doses received, dates,
and place of administration, and clinical manifestations of
COVID-19 were also recorded.

Study design

This was a longitudinal study undertaken in the Depart-
ment of Biochemistry in collaboration with the Department
of Social and Preventive Medicine, Government of Medical
College Srinagar, from August 2021 to March 2022. Previ-
ously uninfected individuals receiving COVISHIELD vaccine
were taken for the study. The study subjects were evaluated
for various serum-based biomarkers at two different points
of time. Figure 1 contains flow diagram depicting the elabo-
rated study design.

Inclusion and exclusion criteria

All those individuals >18 years of age who received both
doses of COVISHIELD and were not previously infected with
SARS-COV-2 were included in the study. Individuals having
any sort of genetic abnormality or malignancy were excluded
from the study.
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Fig. 1 - Schematic representation of study design.

Study subjects and sample size

A total of 348 participants who were previously uninfected
with SARS-CoV-2 were taken for the final study. We estimated
previous seroprevalence from the available data to be 40%. We
expected that about 10% of the recruited subjects may have
been naturally infected before, during or after the vaccination.
We calculated sample size on the basis of above criteria with
5% random error and 80% power of study using G power ver-
sion 20.1.0. The sample size came out to be 369. Adding 10%
of the subjects (which may fall under the naturally infected
category) the total sample size calculated was 406 (369 + 37).
Ultimately, a total of 408 subjects were recruited for the study.

Sample collection

Four milliliters of venous blood sample was obtained from
each study subject before vaccination and on the 15th day
after receiving the second dose of vaccine. Blood samples
were collected in red top (clot activator) vials and thereafter
centrifuged at 4,500 rpm for 2 min at normal temperature
for separation of serum. Serum samples were immediately
stored at -20°C till further analysis.

A

Quantitative estimation of total antibodies (IgG) against
SARS-CoV-2 spike protein

Before vaccination, a total of 408 individuals underwent
quantitative estimation of total 1gG against SARS-CoV-2 spike
protein to rule out any previous natural infection from SARS-
CoV-2. Subsequently, all those individuals who were negative
for IgG against SARS-CoV-2 nucleocapsid protein (n = 348) were
taken for further estimation of total IgG against SARS-CoV-2
spike protein on the 15th day in response to the second dose
of COVISHIELD. The estimation was done on Abbott ARCHITECT
i2000SR fully automated immunoassay analyzer using SARS-
COV-2 IgGll Quant Reagent Kit (Abbott, USA). This procedure
uses chemiluminescent microparticle immunoassay (CMIA)
technology for the estimation of antibodies. The positive levels
of SARS-CoV-2 total IgG were taken as >50.0 AU/mL.

Semi-quantitative estimation (index) of total antibodies
(IgG) against SARS-CoV-2 nucleocapsid protein

Onthe 15thdayafterreceivingsecond dose of COVISHIELD,
all the previously uninfected study subjects (n = 364) were
taken for the estimation of antibodies (Index) against SARS-
CoV-2 nucleocapsid protein to rule out any natural infection
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from SARS-CoV-2 after first or second dose of COVISHIELD.
The estimation was done on Abbott ARCHITECT i2000SR fully
automated immunoassay analyzer using SARS-CoV-2 IgG
Reagent Kit (Abbott, USA). This procedure uses CMIA tech-
nology for the estimation of antibodies.

Determination of BMI

All the enrolled individuals (n = 348) underwent anthro-
pometric assessment that included measurements of weight
and height. Weight was measured without shoes using digital
scales in an upright position and recorded to the nearest of
0.1 kg. Height was measured again without shoes in a standing
position using a stadiometer to the nearest 0.1 cm. Body mass
index (BMI) was calculated as per the formula: BMI (kg/m?) =
Weight (kg)/Height (m?). BMI is an index of adiposity: individu-
als with BMI <18.5 kg/m? were considered underweight; 18.5-
24.99 kg/m? as normal; 25-29.99 kg/m? as preobese; 30-34.99
kg/m? as obese class | and 35-39.99 kg/m? as obese class II.

Quantitative estimation of biochemical parameters

All the previously uninfected individuals who received
COVISHIELD (n = 348) underwent estimation of fasting blood
glucose, total cholesterol (TC), triglycerides (TG), low-den-
sity lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C) on the 15th day after receiving the sec-
ond dose of vaccine. Glucose was estimated by hexokinase/
glucose-6-phosphate dehydrogenase assay using Glucose
Reagent Kit (Abbott, USA). TC was estimated by cholesterol
esterase method using Cholesterol Reagent Kit (Abbott,
USA). TGs were estimated enzymatically using Triglyceride
Reagent Kit (Abbott, USA). LDL-C was estimated by liquid
selective detergent using MULTIGENT Direct LDL Reagent Kit
(Abbott, USA). HDL-C was estimated by accelerator selec-
tive detergent using Ultra HDL Reagent Kit (Abbott, USA).
These biochemical parameters were estimated on Abbott
ARCHITECT c4000SR fully automated clinical chemistry ana-
lyzer. The reference ranges of analytes were taken as: fast-
ing blood glucose: 70-126 mg/dL; TC: 50-200 mg/dL; TG:
50-200 mg/dL; LDL: €120 mg/dL (normal); HDL: >40 mg/dL in
males (normal), >45 mg/dL in females (normal).

Quantitative estimation of Thyroid-Stimulating Hormone

All the previously uninfected individuals who received
COVISHIELD (n = 348) were taken for the estimation of thyroid-
stimulating hormone (TSH) on the 15th day after receiving
the second dose of vaccine. This parameter was estimated on
Abbott ARCHITECT i2000SR fully automated immunoassay ana-
lyzer using TSH Reagent Kit and employing the technology of
CMIA. The reference range of TSH was taken as 0.35-5.2 ulU/mL.

Quantitative estimation of ferritin and IL-6

All the previously uninfected individuals who received
COVISHIELD (n = 348) were taken for the estimation of fer-
ritin and IL-6 on the 15th day after receiving the second dose
of vaccine. These parameters were estimated on Siemens
ADVIA Centaur XP fully automated immunoassay analyzer
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using ADVIA Centaur FER Reagent Kit and ADVIA Centaur IL6
Reagent Kit (Siemens, USA) and employing the technology
of CMIA. The reference range was taken as: ferritin: 22-274
ng/mL in males, 05-204 ng/mL in females; IL-6: 0-4.4 pg/mL.

Quantitative estimation of LDH and CRP

All the previously uninfected individuals who received
COVISHIELD (n = 348) were taken for the estimation of LDH
and CRP on the 15th day after receiving the second dose
of vaccine. These parameters were estimated on Siemens
Dimension RXL Max fully automated clinical chemistry ana-
lyzer using LDH Flex® reagent cartridge and RCRP Flex®
reagent cartridge (Siemens, USA) and employing the technol-
ogy of spectrophotometry. The reference range was taken as:
LDH: 125-220 U/L; CRP: 0-0.35 mg/dL.

Statistical analysis

Descriptive statistics was used to represent levels in
terms of means + standard deviation (SD). The total antibody
(IgG) titer was converted to log scale for linearization. Linear
regression analysis was performed to assess the relationship
between antibody response and various sociodemographic,
clinico-biochemical and inflammatory markers. The data of
various categorical variables were skewed, so Mann-Whitney
U-test was performed as there are different participants
in each group, with no participant being in more than one
group. The distribution of scores for subgroups of the inde-
pendent variables had different shape, so the Mann-Whitney
U-test was actually used to compare mean ranks. Statistical
analysis was performed using Statistical Package for the
Social Sciences v. 23.0 statistical software.

Results

A total of 408 subjects were taken for quantitative estima-
tion of total antibodies (IgG) against SARS-CoV-2 spike pro-
tein before receiving any dose of vaccine. Out of 408 subjects
only 44 tested positive for total IgG against SARS-CoV-2 spike
protein and were excluded from the study. Consequently,
a total of 364 previously uninfected subjects received two
doses of COVISHIELD 84 days apart. On the 15th day after
receiving the second dose of vaccine, semi-quantitative esti-
mation of antibodies against SARS-CoV-2 nucleocapsid pro-
tein was done in all 364 subjects. Out of 364 subjects, only
16 tested positive for total IgG against nucleocapsid protein
and were excluded from the study. Hence, a total of 348 sub-
jects who were previously uninfected with SARS-CoV-2 and
received two doses of COVISHIELD were taken for the esti-
mation of clinico-biochemical, inflammatory parameters and
total antibodies (IgG) against SARS-CoV-2 spike protein.

Characteristics of study subjects

Table | contains sociodemographic and clinico-biochem-
ical characteristics of previously uninfected individuals. The
sociodemographic factors including age, gender and eth-
nicity were studied to find out the distribution of these fac-
tors in the subjects. In this study, subjects were categorized
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TABLE I - Sociodemographic and clinico-biochemical characteristics
of enrolled individuals previously uninfected with SARS-CoV-2

Parameters Study subjects
N =348 (%)

Age group

<50 years 236 (67.8)

>50 years 112 (32.2)
Gender

Male 224 (64.4)

Female 124 (35.6)
Ethnicity

Nonlocal 292 (83.9)

Local 56 (16.1)
H/o lung disease

No 336 (96.6)

Yes 12 (3.4)
Hypertension

No 292 (83.9)

Yes 56 (16.1)
T2DM

No 296 (85.1)

Yes 52 (14.9)
BMI (kg/m?)

Normal 152 (43.7)

Underweight 32(9.2)

Preobese 116 (33.3)

Obese class | 44 (12.6)

Obese class Il 04(1.1)
Total cholesterol

Normal 268 (77.0)

Elevated 80 (23.8)
TG

Normal 208 (59.8)

Elevated 140 (40.2)
LDL-C

Normal 228 (65.5)

Elevated 120 (34.5)
HDL-C

Normal 144 (41.4)

Low 204 (58.6)
TSH

Normal 264 (75.9)

Elevated 84 (24.1)

BMI = body mass index; HDL-C = high-density lipoprotein cholesterol; LDL-C
= low-density lipoprotein cholesterol; SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2; T2DM = type 2 diabetes mellitus; TG = triglycerides;
TSH = thyroid-stimulating hormone.

into two age groups: <50 and 250 years. Regarding the age,
67.8% (236 of 348) subjects fall in the age group of <50 years
and 32.2% (112 of 348) were 250 years of age. With respect
to gender, the ratio of males (224 of 348; 64.4%) was more
than females (124 of 348; 35.6%). Regarding ethnicity, nonlo-
cal residents were 83.9% (292 of 348) as compared to locals
(56 of 348; 16.1%). Additionally, the clinico-biochemical
parameters including history of lung disease, hypertension,
type 2 diabetes mellitus (T2DM), TC, TG, LDL-C, HDL-C, TSH
and anthropometric parameters including BMI were also
determined on the 15th day after receiving the second dose
of COVISHIELD. It was observed that 3.4% (12 of 348) subjects

Immunogenicity of SARS-CoV-2 adenoviral vaccine

had a history of lung disease, 16.1% (56 of 348) had hyper-
tension and 14.9% (52 of 348) had T2DM. With respect to
BMI, 43.7% (152 of 348) were normal, 9.2% (32 of 348) were
underweight, 33.3% (116 of 348) were preobese, 12.6%
(44 of 348) were obese class | and 1.1% (04 of 348) were
obese class Il. As far as biochemical parameters are con-
cerned, 23.8% (80 of 348) subjects had elevated cholesterol
levels, 40.2% (140 of 348) had elevated TG levels, 34.5%
(120 of 348) had elevated LDL-C levels, 58.6% (204 of 348) had
low HDL-C levels, 24.1% (84 of 348) had elevated levels of TSH.
Table 1l contains parameters of COVID test panel in study sub-
jects. We observed that 24.1% (84 of 348) had elevated levels
of LDH, 14.9% (52 of 348) had elevated levels of ferritin, 24.1%
(84 of 348) had elevated levels of CRP and 32.2% (112 of 348)
had elevated levels of IL-6 after receiving two doses of vaccine.
Mean age of study subjects in years was 42.03 + 13.54, mean
BMI in kg/m?was 24.8 + 4.50, mean fasting blood sugar levels
in mg/dL were 106.75 * 48.35. Regarding the various inflamma-
tory parameters, mean LDH levels in U/L were 189.93 + 53.43,
mean ferritin levels in ng/mL were 134.6 + 115.09, mean CRP
levels in mg/dL were 0.26 * 0.33, mean IL-6 levels in pg/mL
were 5.4 + 9.01. In addition, mean total IgG titer was 8952.8 +
9587.5 AU/mL and mean (log) total IgG was 8.60 + 1.01 AU/mL.
Table Ill portrays the levels (mean * SD) of various biochemical
and inflammatory parameters in the study subjects.

TABLE Il - Biochemical and inflammatory markers (COVID-19 test
panel) in study subjects

Parameters Study subjects
LDH levels
Normal 264 (75.9)
High 84 (24.1)
Ferritin levels
Normal 296 (85.1)
High 52 (14.9)
CRP levels
Normal 264 (75.9)
High 84 (24.1)
IL-6 levels
Normal 236 (67.8)
High 112 (32.2)

COVID-19 = coronavirus disease 2019; CRP = C-reactive protein; IL-6 = inter-
leukin 6; LDH = lactate dehydrogenase.

TABLE Il - Levels (mean + SD) of various biochemical and inflamma-
tory parameters in study subjects

Parameters Study subjects
Mean * SD (Range)

Age (years) 42.03 +13.54
(19.0-75.0)

BMI (kg/m?) 24.8 +4.50
(16.4-34.1)

Fasting blood sugar (mg/dL) 106.75 + 48.35
(70.0-349.0)

Total cholesterol (mg/dL) 17210+ 42.7
(84.0-317.0)

(Continued)
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TABLE IlI - (Continued)

Parameters Study subjects
Mean * SD (Range)

192.06 +99.64

TG levels (mg/dL)

(55.0-172.0)
LDL-C levels (mg/dL) 108.64 +36.12
(42.0-225.0)
HDL-C levels (mg/dL) 41.94 +10.44
(23.0-88.0)
TSH levels (ulU/mL) 434+3.13
(0.3-21.5)
LDH levels (U/L) 189.93 £53.43
(125.0-503.0)
Ferritin levels (ng/mL) 134.6 £115.09
(3.6-554.1)
CRP levels (mg/dL) 0.26 £0.33
(0.002-2.3)
IL-6 levels (pg/mL) 54+9.01
(0.0-57.1)
IgG (AU/mL) 8952.8 £ 9587.5
(314.5-40000.0)
(Log) IgG 8.60+1.01
(5.7-10.6)

BMI = body mass index; CRP = C-reactive protein; HDL-C = high-density
lipoprotein cholesterol; IgG = immunoglobulin G; IL-6 = interleukin 6; LDH =
lactate dehydrogenase; LDL-C = low-density lipoprotein cholesterol; SD = stan-
dard deviation; TG = triglycerides; TSH = thyroid-stimulating hormone.

Association of total IgG levels with sociodemographic;
clinico-biochemical characteristics and parameters of
COVID-19 test panel

Table IV depicts the association between total IgG anti-
body titer against SARS-CoV-2 spike protein (determined on the
15th day after receiving the second dose of COVISHIELD) and
various sociodemographic and clinico-biochemical characteris-
tics of the study subjects using linear regression. On regression
analysis, we observed that locals had significantly more total IgG
titer against SARS-CoV-2 compared to nonlocals ((Regression
Coefficient) RC = 0.109, p = 0.04). Underweight subjects and
individuals having class | obesity had significantly more anti-
body titer when compared to subjects with normal BMI
(RC=0.23, p=0.006; RC=0.29, p<0.0001). Those with elevated
levels of TG had more IgG titer compared to those having normal
TG levels (RC = 0.0180) and this association between TG levels
and total IgG titer was statistically significant (p = 0.001). We did
not find significant association of any other sociodemographic
and clinico-biochemical parameter with the generation of total
IgG against SARS-CoV-2 spike protein in response to vaccination.

Table V illustrates the association between total 1gG
antibody titer (determined on the 15th day after receiving
the second dose of COVISHIELD) and various parameters of
COVID-19 test panel in study subjects using linear regression.
We observed that subjects having high LDH levels produced
significantly higher total 1gG antibodies compared to those
having normal LDH levels, and this association was statisti-
cally significant (RC = 0.15, p = 0.006). Subjects having nor-
mal levels of CRP had significantly higher antibody titer when
compared to those having high CRP levels (-00122, p =0.023).
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TABLE IV - Association between total 1gG antibody titer (on log
scale) and various sociodemographic and clinico-biochemical char-
acteristics of study subjects using linear regression

Parameters Study Regression 95% ClI p-Value
group coefficient
N =348 (%) (Beta)
Age group
<50 years 236 (67.8) 0.078 (-0.06-0.4)  0.15
>50 years 112 (32.2)
Gender
Male 224 (64.4) 0.029  (-0.16-0.28)  0.59
Female 124 (35.6)
Ethnicity
Nonlocal 292 (83.9) 0.109 (0.01-0.59)  0.04
Local 56 (16.1)
H/o lung
disease 336 (96.6) -0.10  (-1.11-0.05) 0.07
No 12 (3.4)
Yes
Hypertension
No 292 (83.9) -0.07 (-0.30-0.27)  0.92
Yes 56 (16.1)
T2DM
No 296 (85.1) -0.04  (-0.49-0.19) 0.47
Yes 52 (14.9)
BMI (kg/m?)
Normal 152 (43.7)
Underweight 32(9.2) 0.23 (0.15-0.9) 0.006
Preobese 116 (33.3) 0.11 (-0.007-0.23)  0.06
Obeseclass| 44 (12.6) 0.29 (0.12-0.33) <0.0001
Obeseclass!l 04 (1.1) -0.09  (-0.36-0.09) 0.2
Total
cholesterol
Normal 268 (77.0) _ A2
Elevated 80 (23.8) 005 (-0.37-014) 037
TG
Normal 208 (59.8) 0.180 (0.16-0.59)  0.001
Elevated 140 (40.2)
LDL-C
Normal 228 (65.5)  -0.073 (-0.38-0.07) 0.17
Elevated 120 (34.5)
HDL-C
Normal 144 (41.4) 0014  (-0.19-0.25) 0.79
Low 204 (58.6)
TSH
Normal 264(75.9)  -0.005 (-0.26-0.23) 0.92
Elevated 84 (24.1)

BMI = body mass index; Cl = confidence interval; HDL-C = high-density lipo-
protein cholesterol; IgG = immunoglobulin G; LDL-C = low-density lipoprotein
cholesterol; T2DM = type 2 diabetes mellitus; TG = triglycerides; TSH = thyroid-
stimulating hormone.

Bold represents statistically significant association.

As the frequency was skewed among subgroups of vari-
ous independent variables, Mann-Whitney U-test was per-
formed. Table VI depicts the association between total I1gG
antibody titer against SARS-CoV-2 spike protein and various
sociodemographic and clinico-biochemical characteristics of
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TABLE V - Association between total 1gG antibody titer (on log
scale) and various COVID-19 markers in study subjects using linear
regression

Parameters Study Regression 95% ClI p-
group coefficient Value
N =348 (%) (Beta)

LDH levels

Normal 264 (75.9) 0.15 (0.1-0.6) 0.006

High 84 (24.1)

Ferritin

levels 296 (85.1) 0.09 (-0.05-0.5) 0.096

Normal 52 (14.9)

High

CRP levels

Normal 264(75.9)  -0.122  (-0.54-0.04)  0.023

High 84 (24.1)

IL-6 levels

Normal 236 (67.8) 0.055  (-0.10-0.35)  0.302

High 112 (32.2)

Cl = confidence interval; COVID-19 = coronavirus disease 2019; CRP =
C-reactive protein; IgG = immunoglobulin G; IL-6 = interleukin-6; LDH = lactate
dehydrogenase.

Bold represents statistically significant P value of <0.05.

study subjects using Mann-Whitney U-test. The results were
identical to the results of linear regression with some nota-
ble differences. Surprisingly, subjects >50 years of age devel-
oped significantly more antibodies against SARS-CoV-2 spike
proteins (U = 11368.00, p = 0.035). On performing Mann-
Whitney U-test, there was no statistically significant differ-
ence in total IgG titer against SARS-CoV-2 between locals and
nonlocals (p = 0.083). Differently, preobese subjects but not
underweight individuals were having significantly more anti-
body titer when compared to subjects having normal BMI
(U =7440, p =0.029).

TABLE VI - Association between total 1gG antibody titer (on log
scale) and various sociodemographic and clinico-biochemical char-
acteristics of study subjects using Mann-Whitney U-test*

Parameters Study group Meanrank Uvalue p-Value
N =348 (%)

Age group
<50 years 236 (67.8) 166.67 11368.00 0.035
>50 years 112 (32.2) 191.00

Gender
Male 224 (64.4) 171.13 13132.00 0.4
Female 124 (35.6) 180.60

Ethnicity
Nonlocal 292 (83.9) 170.40 6980.00 0.083
Local 56 (16.1) 195.86

H/o lung

disease
No 336 (96.6) 174.79 1920.00 0.77
Yes 12 (3.4) 166.50

Immunogenicity of SARS-CoV-2 adenoviral vaccine

Parameters Study group Meanrank Uvalue p-Value
N = 348 (%)

Hypertension
No 292 (83.9) 172.84 7692.00 0.48
Yes 56 (16.1) 183.14

T2DM
No 296 (85.1) 174.38 7660.00 0.95
Yes 52 (14.9) 175.19

BMI (kg/m?)
Normal 152 (43.7) 88.97 1896.00 0.50
Underweight 32(9.2) 109.25
Normal 152 (43.7) 125.45 7440.00 0.029
Preobese 116 (33.3) 146.36
Normal 152 (43.7) 89.97 2048.00 <0.001
Obese class | 44 (12.6) 127.95
Normal 152 (43.7) 79.13 208.00 0.28
Obese class |l 04 (1.1) 54.50

Total 268 (77.0)

cholesterol 80 (23.8)
Normal 177.60 9888.0 0.29
Elevated 164.10

TG 208 (59.8)
Normal 140 (40.2) 162.23 12008.00 0.006
Elevated 192.73

LDL-C
Normal 228 (65.5) 181.01 12196.00 0.096
Elevated 120 (34.5) 162.13

HDL-C
Normal 144 (41.4) 172.86 14452.00 0.79
Low 204 (58.6) 175.66

TSH
Normal 264 (75.9) 175.95 10704.00 0.63
Elevated 84 (24.1) 169.93

BMI = body mass index; HDL-C = high-density lipoprotein cholesterol;
IgG = immunoglobulin G; LDL-C = low-density lipoprotein cholesterol; T2DM
= type 2 diabetes mellitus; TG = triglycerides; TSH = thyroid-stimulating
hormone.

*Test was adopted as the distribution of scores for both groups of few inde-
pendent variables was skewed.

Bold represents statistically significant P value of <0.05.

Table VI illustrates association between total IgG anti-
body titer and various parameters of COVID-19 test panel in
study subjects using Mann-Whitney U-test. In contrast to the
results of linear regression, we did not observe any statistical
significance between total IgG antibody titer and CRP levels
(p=0.33).

Discussion

In this study based on 348 vaccinated participants, we
showed variation in anti-spike total antibody (IgG) titer based
on various sociodemographic and clinico-biochemical param-
eters. To the best of our knowledge, our study is the first to
compare a short-term assessment of antibody response to
vaccination with low-grade inflammation.
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TABLE VII - Association between total IgG antibody titer (on log
scale) and various COVID-19 markers in study subjects using Mann-
Whitney U-test*

Parameters Study Mean rank U value p-Value
group
N =348 (%)

LDH levels
Normal 264 (75.9) 165.92 8824.00 0.005
High 84 (24.1) 201.45

Ferritin levels
Normal 296 (85.1) 170.64 6552.00 0.87
High 52 (14.9) 196.50

CRP levels
Normal 264 (75.9) 177.44 10312.00 0.33
High 84 (24.1) 165.26

IL-6 levels
Normal 236 (67.8) 170.86 12356.00 0.32
High 112 (32.2)  182.18

COVID-19 = coronavirus disease 2019; CRP = C-reactive protein; IgG = immu-
noglobulin G; IL-6 = interleukin 6; LDH = lactate dehydrogenase.

*Test was adopted as the distribution of scores for both groups of few inde-
pendent variables was skewed.

Bold represents statistically significant P value of <0.05.

A negative correlation between age and antibody titer
in response to different vaccinations such as hepatitis B,
seasonal influenza, tetanus and pneumococcal vaccine is
well known (30,31). “Immunosenescence” combined with
“Inflammaging” are the factors responsible for poor anti-
body production after vaccination in elderly individuals (32).
Contrary to majority of findings, our study observed a sig-
nificant upsurge of antibodies against SARS-CoV-2 spike pro-
tein in subjects 250 years of age. Although with age adaptive
immunity diminishes, but to associate immunosenescence
with the sequential process of aging can be deceptive. As
per varied studies individuals of the same chronological age
can have a widely variable “immunological age” (33,34).
Interestingly, even if the loss of antibody production in the
elderly has been noticed by various studies no age-related
differences in the avidity and functional activity of antibodies
induced by vaccination has been brought to the fore by major
studies (35,36).

Sociodemographic factors such as race and ethnicity are
known to influence susceptibility to infectious diseases and
have recently been shown to be associated with immune
response variations and adverse events following vaccination
(37,38). Although not statistically significant, we observed
generation of slightly higher total 1gG in locals (Kashmiri indi-
viduals) than nonlocals after vaccination. The difference in
the antibody response might be due to the fact that Kashmiri
population is ethnic due to peculiar traditional and religious
beliefs than the rest of the country due to which their genetic
pool remains conserved and it is known that genetic determi-
nants play an important role in regulating immune responses
after infection or vaccination (39,40).

In our study, preobese and obese class | subjects produced
significantly more antibodies after vaccination compared
to subjects having normal BMI. There is a lot of evidence
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seconding the raised antibody titer in response to SARS-
CoV-2 vaccination in obese individuals. Obesity is connected
with substantial modification and profusion of immune cells
in the adipose tissues with a noticeable decrease in Th2 cells,
Treg cells, and M-2 macrophages (41,42). Adipose tissue of
the obese subject expresses increased amounts of proinflam-
matory proteins such as tumor necrosis factor alpha (TNF-a),
IL-6, transforming growth factor-beta 1 (TGF-f1), CRP, and
monocyte chemotactic protein-1 (MCP-1) compared to adi-
pose tissue of lean subjects, which subsequently upsurges
immune response and antibody production (43,44). Obese
and swollen adipose tissue encompasses >40% M-1 macro-
phages, which act as spring for a range of proinflammatory
cytokines leading to a local as well as systemic inflammation
that triggers immune cell activation (45). Callahan et al testi-
fied that obese adults had significantly higher antibody titer
than adults with normal weight after first dose of vaccine
(46). Studies have upheld that among obese subjects, the
initial antibody response to H1N1 vaccine was robust (47).

In our study, it was also observed that individuals having
high TG levels produced significantly more antibodies after
vaccination. Numerous studies have shown that patients
with isolated hypertriglyceridemia had augmented CRP and
IL-6 concentration (48), thereby increasing CD4+ T helper
cells and antibody production (49). Our observation was also
supported by previous reports linking enhanced expression
of B cells with dyslipidemia (50). Xu et al described that T and
B lymphocytes were having markedly increased expression
in patients with dyslipidemia compared to healthy controls
(51). During lipolysis, TG release free fatty acids (FFA) in the
presence of lipoprotein lipase (LPL), thereby inducing endo-
thelial proinflammatory changes, tissue inflammation and
vigorous immune response (52).

In this study, we also observed that those having high
levels of LDH produced significantly increased IgG against
SARS-CoV-2 after vaccination. LDH is a general indicator of
acute or chronic tissue damage and is considered to be an
inflammatory marker and predictor of increased immune
response (53). During lung damage and other interstitial lung
infections, LDH levels get increased (54). Therefore, more the
concentration of natural infectious agent or artificial antigen,
more is the inflammation and LDH level, hence more is the
antibody response. Conventional or myeloid DCs are highly
specialized antigen-presenting cells with a unique ability to
prime naive T cells inducing the activation of the adaptive
immune response (55). Increased lactate from infection and
tissue injury due to increased LDH leads to extracellular aci-
dosis, which in turn activates DCs inducing the activation of
the adaptive immune response (56).

Limitation of the study

The data of subgroups of various independent variables
are slightly skewed, which could affect the outcome of the
study. Data skewness has been taken care of by converting
antibody levels to log scale and applying Mann-Whitney
U-test. The sample size of the study is relatively modest and
further large-scale studies are needed to consolidate the
inferences made in our study.
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Conclusion

This study summarized that age, BMI, TG and LDH lev-
els strongly influence immunogenicity of adenoviral vaccine
against SARS-CoV-2. Our study gives an opportunity to under-
stand the impact of biochemical and immunological factors
affecting vaccine effectiveness. Therefore, our inferences
could be utilized in designing vaccine studies and could help
in designing personalized vaccination schedules that would
ultimately lead to improvement in vaccine response and effi-
cacy, especially at times of pandemics. In future, this study
will assist to identify individuals at risk for low immunogenic-
ity to adenoviral vaccines against SARS-CoV-2 and to subse-
quently intervene upon these risk factors.
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