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Abstract
Background: Varying protection rates have been observed with approved COVID-19 vaccines post-
approval, in various real-world studies. However, little data exists on the clinical presentation and risk
factors of occurrence and severity of COVID-19 in vaccinated individuals. The aim of the present study is
to describe the patterns of presentation of COVID-19 in vaccinated individuals, and to determine the
predictors of occurrence of COVID-19 and the predictors of severity in the vaccinated.

Methods: The study is a part of a prospective observational study ongoing since February 2021 in a
tertiary teaching and research hospital of northern India. Individuals recruited in this study belong to a
high-risk group comprising health care workers and elderly. COVISHIELD, based on ChAdOx1 nCoV-19
platform was the vaccine received by the participants based on policy on allocation.

Primary outcomes of the study are the short term and long-term adverse events following immunization
(AEFI) with COVID-19 vaccines. Secondary outcomes include the rates of occurrence of COVID-19 and
severity of COVID-19. Data on these have been already reported. The clinical presentation, typical and
atypical manifestations, time to symptomatic recovery and patterns of post-COVID-19 complaints were
analysed in the current study. Logistic regression analysis was performed to predict the risk factors of
occurrence of COVID-19 in the vaccinated and the determinants of severe forms of the disease in this
group.

Findings: 1500 individuals completed at least two month follow up. Of these, 418 developed laboratory
con�rmed or suspected COVID-19. Fever was the commonest symptom (72%), followed by features of
rhinitis (41%) and cough (34%). Nearly 12% individuals had only one symptom or none. Cardiovascular
involvement was seen in more than 2% of affected. Time to symptomatic recovery varied from 1-75 days
and 11% had post COVID-19 complaints at two month follow up, most common being generalized
weakness. Results of regression analysis showed 1.6 times higher odds of contracting the disease in
females and young individuals < 40 years of age (P<0.001). Overweight individuals and those receiving
only one dose were at 1.4 times and 3 times higher odds of contracting COVID-19 compared to those with
normal body mass index and those who were fully vaccinated. Individuals receiving two doses at a gap
of < 30 days were at 7 times higher odds of disease acquisition compared to those receiving the second
dose at an extended gap of > 60 days (P=0.01).

With respect to severity, males and those receiving only one dose each had 3 times higher odds of
suffering from moderate to severe COVID-19 compared to females and fully vaccinated. Persons with pre-
existing lung disease, such as asthma had 6 times higher odds of suffering from moderate to severe
COVID-19 (P=0.024). No association with the occurrence or severity of disease was observed with any
other co-morbidity or the use of renin-angiotensin-aldosterone system (RAAS) blockers.

Interpretation: Sex wise differences exist with respect to occurrence and severity of COVID-19. Two doses
of vaccine, compared to one dose provide considerable protection against occurrence as well as severity.
Full vaccination with extended dosing interval should be the optimal strategy and should be carried out
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when the community burden of cases is negligible. Future studies are needed to explore the sex wise
differences in the propensity and severity of COVID-19. Further, the risk association of asthma
phenotypes with COVID-19 needs to be investigated.

Funding: The study received no funding support

1. Introduction
The ChAdOx1 nCoV-19 vaccine, based on recombinant chimpanzee adenovirus platform and the mRNA-
based vaccines of P�zer and Moderna have been administered in the largest number of countries
globally. COVISHIELD manufactured by Serum Institute of India is based on the ChAdOx1 platform and
has been the major candidate vaccine in the mass roll out programme in India. Short term safety pro�le
of ChAdOX1 nCoV19 was observed to be favourable, and e�cacy close to 70% against COVID-19 was
demonstrated in controlled settings. Post approval, modest reduction in the effectiveness of COVID-19
vaccines has been observed in the real-world.1,2 We recently reported a close to 25% rate of SARS-CoV-2
breakthrough infections in high-risk priority groups.3 However, studies which provide detailed clinical
description of occurrence of COVID-19 in vaccinated individuals, as well as the potential risk factors of
disease occurrence and severity in them are scarce. To contribute towards this missing data, we decided
to analyse the �ndings of an ongoing prospective observational study on long term safety of
COVISHIELD whose primary and secondary outcome measures have already been reported preliminarily
by us.3,4 Our aim was to provide a detailed description of the clinical patterns of COVID-19, the typical
and atypical manifestations of disease, management, outcomes, and incidence as well as patterns of
post-COVID-19 complaints in vaccinated individuals. More importantly, for the �rst time, we provide an
analysis of the risk factors of occurrence and severity of COVID-19 in vaccinated individuals.

2. Materials And Methods
2.1. Study design and setting 

Ours is a prospective observational study which started in February 2021 in a tertiary teaching and
research hospital of north India with the primary objective of assessing short-term and long-term safety
of COVID-19 vaccines and the secondary objective of estimating the occurrence of COVID-19 in priority
groups. Vaccinees were enrolled from the study hospital and two associated centres.4 COVISHIELD was
the vaccine allotted to the centres as per government policies. The authors UK and SSC had access to the
entire data. 

2.2. Study participants:

All the individuals who received vaccines, in the three centres, and who provided consent to participate
were enrolled in the study till attainment of sample size. As per national policy for prioritisation of vaccine
recipients, the enrolled vaccinees were health care workers in the initial phase of study, with subsequent
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enrolment of elderly in the later phase. The participants are being contacted telephonically at speci�c
time intervals till one year follow up of each participant is complete. Details of design are already
published.4  

2.3. Outcomes measured:

Primary safety outcomes were recently published by our group.4 For secondary outcome which was the
occurrence of post-vaccination COVID-19, the participants were enquired about the occurrence of
symptoms related to COVID-19. COVID-19 cases were classi�ed as ‘con�rm’ and ‘suspect’ as de�ned
previously.3 The classi�cation was based on guidance from the Ministry of Health & Family Welfare
(MoHFW), Government of India recommendations on COVID-19. Here we perform analysis of risk factors
of disease occurrence post-vaccination and determinants of severity post-vaccination. For simpli�cation
of analysis, both ‘con�rm’ and ‘suspect’ cases are clubbed into group A and the remaining are classi�ed
as group B. MoHFW guidelines were used to categorize the severity of disease. Individuals with
asymptomatic or mild disease were incorporated in one group and were compared to individuals
developing moderate or severe COVID-19. Potential risk factors analysed were demographic variables, the
presence of co-morbidities, use of RAAS (renin angiotensin aldosterone system) blockers, doses of
vaccine received and the interval between the two doses. Incidence and patterns of post COVID-19
symptoms if any, persisting at two months follow up, were also assessed. In case of death of any
participant, necessary details were obtained from the caregivers and proof of cause of death certi�cation
was sought. 3 

2.4. Ethical permission

The study started after obtaining permission from the Ethics Committee of the Institute of Medical
Sciences, Banaras Hindu University, and written informed consent was taken from all the participants.

2.5. Data sources/measurement

Data pertaining to demography, medical history including history of prior SARS-CoV-2 positivity, existing
co-morbidities, vaccine details, and concurrent drug history was recorded in a pre-designed case report
form. Data concerning post-vaccination COVID-19 was entered as per pre-designed format electronically.
Detailed methodology has been described in earlier publication. 4 

2.6. Sample size

The calculation of sample size for the main study has already been described by us in an earlier paper.4 

2.7. Statistical analysis:

Results were recorded as frequencies as well as percentages for data pertaining to demographics and to
patterns of COVID-19 symptoms developing in vaccinated individuals. Values are presented as mean and
median for non-skewed and skewed variables respectively. To �nd association between various tentative
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risk factors and development of COVID-19, Chi square test was applied for dichotomous variables such
as gender, presence of co-morbidities, number of doses of vaccine, previous history of COVID-19
(con�rm/suspect) and for categorized quantitative variables such as body mass index (BMI) and age.
Variables with P<0.05 on bivariate analysis or those deemed to be clinically relevant were incorporated in
the �nal regression model. Corroboration was done with multivariable fractional polynomial (MFP)
method using MFP package from STATA 16. Binomial logistic regression analysis was conducted �rst, to
determine the predictors of occurrence of COVID-19 and second, to determine the risk factors of
moderate-severe COVID-19. To determine the effect of dosing interval of vaccines, regression analysis
was done separately after excluding those who received only one dose and those who developed COVID-
19 between the two doses of vaccine. In case of signi�cant correlation (r>0.7) between independent
variables, variance in�ation factor was used to detect multi collinearity and a cut off value of 2.5 was
taken to exclude the collinearity.

2.8. Role of funding source

This study had no funding support.

3. Results
Of 1500 vaccinated individuals completing two months of successful follow up, 418 were diagnosed as
cases of COVID-19 (‘con�rm’ or ‘suspect’) at some point during their follow-up. They were classi�ed in
group A. The remaining 1082 were clubbed in group B. Table 1 shows details pertaining to demographic
parameters and co-morbidities in the two groups. Further, Table 1 mentions the detailed clinical features,
treatment received, time to symptomatic recovery and post-COVID-19 complaints of those diagnosed with
COVID-19 (group A). Median number of symptoms was 3 (Q1, Q3 2, 4). Fever, rhinitis, cough, and sore
throat were the common symptoms seen respectively in 71%, 41%, 34% and 26% participants.
Cardiovascular involvement was seen in 2.4% of affected. Around 7% of affected had only one symptom
of which fever, sore throat, and cough, were seen in 32%, 18% and 14% individuals respectively. Time to
symptomatic recovery varied from 1-75 days and around 11% of affected had post COVID-19 complaints
at two month follow up. Generalized weakness was the commonest post-COVID-19 complaint seen in
44.4% of those with post-COVID-19 complaints. This was followed by persistence of cough (17.8%) and
dyspnoea (13.3%). In univariate analysis, age, gender, and number of doses of vaccine received shared
statistically signi�cant association with the occurrence of disease. Those with P value < 0.05 and those
deemed clinically important were analysed in logistic regression analysis. 

Younger individuals (< 40 years), females, overweight individuals and those who received only one dose
of vaccine had respectively 1.7-, 1.7-, 1.4- and 2.9-times higher odds of contracting COVID-19, with
statistical signi�cance. Dosing interval was also a strong determinant of disease occurrence. The odds of
contracting COVID-19 was 6.7 times in those receiving the two doses at ≤ 30 days interval compared to
those who received the second dose at a gap of > 60 days. Compared to the group receiving the second
dose at 31-60 days interval, the odds of contracting COVID-19 was 1.6 times higher in those who received
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the second dose at a gap of ≤30 days from �rst dose. Both risk associations were statistically
signi�cant. 

Gender, pre-existing lung disease, use of RAAS blockers and number of doses of vaccine received shared
a statistically signi�cant association with disease severity. Percentage of individuals with pre-existing
lung disease was more than three times higher in the group with moderate-severe form of COVID-19
versus the group with asymptomatic-mild COVID-19. Likewise, the usage of RAAS blockers was two times
more prevalent in individuals with moderate-severe COVID-19. To determine the effect of dosing interval
on severity of disease, logistic regression was performed on n=382, after excluding those who received
only one dose and those who developed COVID between the two doses. Males, recipients of only one
dose and those with pre-existing lung disease had respectively 3.6 times, 3 times and nearly 6 times
higher odds of developing moderate-severe form of disease compared to females, those who received
two doses and those without any pre-existing lung disease. The risk association was statistically
signi�cant. Though higher odds of moderate-severe form of disease was seen in the group receiving the
second dose of vaccine at ≤ 30-day interval compared to those at > 30 days, association was not
statistically signi�cant. The association of RAAS blockers with severity of disease was nulli�ed in
regression analysis.

4. Discussion
Compared to �ndings in controlled settings, modest reduction has been observed in vaccine effectiveness
in real world situations, with protection rates against COVID-19 varying from 24-65%.1,2 The percentage of
vaccinees developing symptomatic COVID-19 was low (<1%) in randomized controlled trials of ChAdOx1
nCoV-19. In the real-world settings, however, high SARS-CoV-2 infection and disease rates have been
observed in vaccinated individuals. In our previously published study, lab con�rmed COVID-19 was seen
in 41% individuals who received only one dose and around 20% individuals receiving both doses of the
vaccine. Corresponding rates were around 67% and 35% in subgroup of ‘doctors’ recruited in the study.
Most of the infections in our study were observed to be breakthrough and were mild in severity.3 Here we
have analysed the spectrum of symptoms in COVID-19 in vaccinated individuals, the risk factors of
breakthrough infections, and the risk factors of moderate to severe disease in vaccinated individuals.

The commonly occurring symptoms in vaccinated individuals in this study were fever (72%), followed by
features of rhinitis (41%) and cough (34%). Around 5% of individuals with lab con�rmed COVID-19 were
completely asymptomatic and around 7% had only one symptom. Cardiovascular involvement in the
form of signi�cant changes in blood pressure was observed in 2.4% and majority of these patients
reported an elevation of blood pressure during the illness. Atypical organ involvement in the form of
ocular symptoms was observed in more than 2% of affected, emphasizing the need to be vigilant against
atypical symptoms and signs in the face of changing variants of SARS-CoV-2. Around 11% had some
post COVID-19 complaint at two months follow up, most common being generalized weakness. This
attains special signi�cance in future deliberations of how vaccines may have any role of importance in
long COVID. Post-vaccination COVID-19 symptomatology has not been elaborated widely. In a
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metanalysis conducted in the pre-vaccination period, prevalence of COVID-19 in health care workers has
varied from 0.4 to 57% with females constituting the majority. Fever, anosmia, and myalgia were the
commonest symptoms.5 

In the current study, on logistic regression analysis, occurrence of COVID-19 was statistically more
common in females (OR 1.6), in the younger age group (OR 1.6), in individuals who were overweight (OR
1.4) and in those who received only one dose of the vaccine (OR 2.9). The risk association of COVID-19
with age, gender and BMI was corroborated when regression analysis was performed on individuals
receiving two doses of the vaccine. High BMI, previously, has been associated with severe form of COVID-
19.6,7 While males and females are believed to have a similar susceptibility to the acquisition of the
disease, some studies have shown a higher incidence rate of COVID-19 in females, particularly among
health care workers.8 Geographical variations also exist with respect to gender and susceptibility to
COVID-19. In certain regions of Peru for example, the incidence rate of COVID-19 was shown to be higher
in females than males.9 Interestingly, females are also at higher risk of getting adverse events following
immunization with COVID-19 vaccines.4,10,11 No difference in the occurrence of COVID-19 was seen with
respect to other variables such as pre-vaccination history of COVID-19, medical co-morbidities and with
the use of RAAS blockers. Since the emergence of COVID-19, the members of RAAS blocker class were
hypothesized to enhance the propensity towards SARS-CoV-2 infection as well as severe COVID-19
disease. However, the association of these drugs with disease severity was refuted in some of the largest
meta-analyses conducted by us and others.12,13  The absence of a relation between COVID-19 occurrence
in vaccinated people and pre-vaccination history of prior infection may imply that boosting effect of
vaccines on naturally acquired immunity needs to be explored further.

Dosing interval was observed to be a signi�cant in�uencer of occurrence of COVID-19 in this study. More
than six times (OR 6.7) and nearly 1.6 times higher risk of contracting the disease was observed in
individuals receiving two doses of vaccine at ≤ 30 days interval compared to those who received the
second dose at gap of more than 60 days and at 31-60 days, respectively. The corresponding risk was
more than four times (OR 4.13) in those receiving second dose of vaccine at 31-60 days compared to
those who got the second dose at an interval exceeding 60 days with marginal statistical signi�cance (P
0.059). Overall, better protection rates have been demonstrated with increase in the dosing interval of
ChAdOx1 nCoV-19 vaccine. This was one of the reasons provided by various drug regulatory authorities,
for increasing the dosing interval of ChAdOx1 nCoV-19 from 28 days to 84 days.14 

With respect to severity of COVID-19, statistically signi�cant association was seen with gender, pre-
existing lung disease, use of RAAS blockers and number of doses of vaccine. Except the use of RAAS
blockers, the association of remaining three factors remained statistically signi�cant on logistic
regression analysis too. Males and those receiving only one dose of the vaccine had close to 3 times
higher odds of developing moderate-severe form of the disease compared to females and those receiving
both doses. With marginal statistical signi�cance (p=0.08), individuals with pre-existing lung disease
were at more than three times risk of developing moderate to severe COVID-19 compared to those with no



Page 8/11

pre-existing lung illness. The risk association of severity of COVID-19 was enhanced in the regression
analysis con�ned to individuals receiving two doses of vaccine (n=382) with an odds ratio for male
gender of 3.6 and OR of 5.9 for pre-existing lung disease. Males have been found to be at higher risk of
severe form of COVID-19 in several other studies done in the pre-vaccination period.6,7 Increased COVID-
19 severity in males might be explained to some extent by androgen facilitated SARS-CoV-2 entry or
immune regulation by male hormones. Testosterone can positively up regulate the expression of ACE-2
and possibly of TMPRSS2, both of which are involved in SARS-CoV-2 S protein entry and infectivity.15

Testosterone is also known to blunt the protective functions of neutrophils, macrophages, and dendritic
cells against the invading pathogen.16 Asthma was the predominant pre-existing lung disease in our
vaccinated cohort. Evidence surrounding association of asthma with COVID-19 morbidity and mortality is
con�icting. While CDC suggests moderate-severe asthma to be a potential risk factor of severe form of
COVID-19, no signi�cant association was claimed between asthma and disease severity by others.17

Severity of COVID-19 may also be governed by the Th phenotype of asthma as has been suggested by
some.17,18 

Though a numerically higher percentage of individuals above 40 years of age, overweight individuals,
those with past history of COVID-19 and those with co-morbidities was seen in the group developing the
severe forms of disease, the association of these factors was not statistically signi�cant with disease
severity. Old age, obesity, diabetes mellitus, hypertension, kidney disease and immunosuppression are
some of the predictors of worse COVID-19 outcomes in earlier studies.19 Absence of association of
COVID-19 severity with these factors in our study should be taken with caution as the population chosen
was predominantly composed of the young and percentage of those with co-morbidities was low. The
�ndings, hence, may not be extrapolated to the general population. Dosing interval was not a statistically
signi�cant predictor of severity of disease.

5. Limitations
The present study was designed for vaccinated individuals only and comment on effectiveness could not
be made at this point. Another study involving unvaccinated individuals has been started by the authors
and the results shall be available by early 2022. Being a telephonic survey-based study, the possibility of
recall bias may exist, but the participants were mostly healthcare and other frontline workers and the data
provided by them can be considered mostly reliable. Finally, the study sample is not representative of the
general Indian population, and hence �ndings may not be generalized to all.

6. Conclusion
The current study is one of the few to explore the characteristics and risk factors of post-vaccination
COVID-19. Among the vaccinated, younger individuals and females have 1.6 times higher risk of
acquisition of COVID-19. Being overweight, also enhances the risk of contracting the disease by around
1.4 times. With respect to severity, males have more than 3 times higher risk of suffering from severe
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forms of disease. Presence of pre-existing lung disease such as asthma was seen to enhance the risk of
developing moderate to severe COVID-19 by six times. Fully vaccinated individuals were at three times
lower risk of contracting COVID-19 as well as developing moderate to severe disease. Since no difference
was observed between occurrence and severity of COVID-19 in vaccinated individuals with or without
prior SARS-CoV-2 infection, further real-world studies of boosting effect of vaccination on naturally
acquired immunity need to be performed. Dosing interval was found to be a strong determinant of
acquisition of disease. Nearly seven times lower risk of occurrence of COVID-19 was seen in individuals
receiving the second dose at extended interval of more than 60 days. Thus, while full vaccination is an
important strategy in the �ght against the pandemic, planning on the optimal timing of the dosing
schedule is equally relevant. Vaccinating the individuals with cases still prevalent in the community can
transform the vaccination centres to infection spreading sites. Optimal timing should be when
community burden of disease is close to negligible. Further focused studies are needed to investigate the
sex-wise differences in disease acquisition and severity and the risk association of COVID-19 with
asthma phenotypes. 
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