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( Abstract

Prompt diagnosis of coronavirus disease 2019 (COVID-19) is requisite due to the upsurge of severe
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) cases globally. Real-time reverse-transcription
polymerase chain reaction (rRT-PCR) remains as the gold standard for the diagnosis of SARS-CoV-2 due
to its higher sensitivity and specificity. Regardless, due to its longer turnaround time and expertise,
bed side testing rapid antigen based tests were developed in order for portable, rapid diagnosis of
the disease. The present study delineates the utility of Rapid Antigen Testing (RAT) screening among
symptomatic and asymptomatic patients in a tertiary care hospital. This is a retrospective data
collection study from Indian Council of Medical Research (ICMR) portal by exporting the excel sheet
from March 2021 to March 2022 who undergone COVID testing in a tertiary care diagnostics facility.
The demographic and vaccination details of the individuals were extracted using ICMR Sample referral
form (SRF) from all patients who are tested for RAT. Of the total 9898 patients tested for RAT, 392 and
9506 were vaccinated and unvaccinated, respectively. Among them, number of positives was 3% and
15% respectively. The odds ratio showed that the vaccinated individuals had 81.4% reduced risk of
getting infection compared to unvaccinated individuals (OR-0.186; p=0.001). A significant difference
was observed between the type of vaccine used and COVID infection, majority of them had taken
Covishield (83.5%) followed by Covaxin (16%) [p=0.0005]. Males showed a marginally significant
p trend with COVID infectivity (OR=1.114, p=0.073) too. RAT is useful as a screening test for rapid
diagnosis of infection in patients who are more prone to spread the disease. As RAT is cost effective
and had short-turnaround time, it can be recommended in areas with upsurge in SARS-CoV-2 cases to
administer isolation and infection control measures.
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INTRODUCTION

The SARS-CoV-2 pandemic started in
January 2020 and caused social and economic
burden in the community. Till date, it has affected
about 110 million people globally. The upsurge
of SARS-CoV-2 prompts the rapid detection of
SARS-CoV-2 infection. Among the various available
diagnostic tests to confirm the clinical diagnosis
of COVID-19 infection, nucleic acid amplification
test and serological tests are generally used for the
diagnosis.? The Real-Time reverse transcriptase
PCR (rRT-PCR) is considered as the ‘gold standard’
test for the diagnosis of COVID-19. It demands
manpower, technical expertise, time, more
cost, laboratory setting with proper biosafety
measures.® For the rapid detection and isolation
of positive patients, directions have been made to
take on the use of rapid diagnostic test for rapid
diagnosis and infection control. The Rapid Antigen
Test (RAT) is found to be cheaper, fast, and easy
to perform on bed side.* RAT is useful in case of
screening in emergency before the patients are
triaged and shifted to respective departments,
emergency surgery or invasive procedures,
endoscopy, etc. According to Indian Council of
Medical Research (ICMR) guidelines using RAT as
a screening test in symptomatic individuals needs
confirmation by rRT-PCR if the initial screening is
negative. And in case of asymptomatic screening
of the individual in an area of low prevalence
may give a low positive predictive value which
has to be further confirmed with rRT-PCR.®> Data
from previous research has shown the detection
of SARS-CoV-2 with RAT compared to RT-PCR.%’
There are certain pitfalls in using RAT like most
of the kits require nasopharyngeal swab which
is quite difficult to collect in pediatric age group
and in mentally challenged individuals, a meta
analysis study shown an average sensitivity and
specificity of RAT as 56.2% and 99.5% respectively.®
There are various RAT kits approved by ICMR
for the diagnostic use. The performance of RAT
in vaccinated individuals were not previously
explored completely. This study shows the utility of
RAT screening in symptomatic and asymptomatic
patients.

METHODOLOGY

This study was an observational
retrospective data collection study conducted in
the Department of Microbiology, Mahatma Gandhi
Medical College & Research Institute (MGMCRI),
Puducherry, a tertiary care hospital in Southern
India. The data was collected from the Indian
Council of Medical Research (ICMR) COVID-19
data entry portal by exporting the excel sheet
from March 2021 to March 2022. ICMR provide
the data entry portal of COVID-19 testing which
mainly consists of data pertained to COVID-19 RT-
PCR and Rapid Antigen test (RAT). This is collected
by the Government of India with the help of
authorized collection Centre persons throughout
the country.® In our centre, there are separate data
entry operators who enter all the required patients
details, category under which they were tested,
symptoms, kit used and the result. These datas
were collected by using ICMR Sample Referral
Form (SRF) from all patients who are tested for RAT.
The study was approved by Institute Human Ethics
Committee (IHEC)-MGMCRI/IRC/24/2021/04/
IHEC/41 and obtained waiver for patients consent.
The demographic details, hospitalization status,
vaccine status, COVID-19 infection among
vaccinated (after one and two doses) and
unvaccinated individuals, frequency of infection in
different types of vaccines were the data collected
and analysed. Most patients included were from
emergency, ward or outpatients who got screened
for various reasons like suspected SARS-CoV-2
infection, screening for invasive or non-invasive
procedures, international travelers, self-testing,
contacts with lab confirmed cases etc and they
were isolated accordingly. The extracted data was
then consolidated as vaccinated and unvaccinated
individuals.

Statistical analysis

The data collected from ICMR COVID-19
data entry portal was exported to MS Excel and
analyzed in SPSS version 17.090 (IBM Corp.,
Armonk NY, USA). All categorical variables were
presented as frequencies and percentages.
Chi-square test was used for the comparison
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of proportions and regression analysis (Odds
Ratios [ORs] with 95% confidence intervals) was
performed. For comparisons, all p-values were
two-sided and P-value <0.05 was considered
statistically significant.

RESULTS

During the study period from March
2021 to March 2022, the total number of
patients screened by RAT was 9898. Of the
subjects included in the study, 520 (7.8%) were
symptomatic, 6149 (92.2%) were asymptomatic.
Among the vaccinated individuals (n=392) and
unvaccinated individuals (n=9506), the number
of positives were 3% and 15%, respectively. The
breakthrough infection after single and double
dose of vaccine is analysed and observed no
significant difference in breakthrough infection
between them (p>0.05).

The details were shown in Figure &
Table 1. Individuals who are screened positive
for SARS-CoV-2 virus even after primary or
booster vaccination are considered as “vaccine
breakthrough infection”. The symptom status,
whether symptomatic or asymptomatic has been
mentioned based on the data from sample referral
form containing patients details.

Table 2 depicts the breakthrough
infection status after different types of vaccine.

It was observed that, majority of them had taken
Covishield (83.5%) followed by Covaxin (16%).
The association between breakthrough infection
rate and type of vaccines was also examined. We
observed significant difference between the type
of vaccine used and COVID infection (x2=15.28,
p=0.0005).

When regression analysis was performed,
it was found that the vaccinated individuals have
81.4% reduced risk of getting COVID infection
compared to unvaccinated individuals (OR: 0.186,
p=0.001) (Table 3), this strengthens importance of
vaccinations in COVID infections.

Gender-wise analysis on COVID positives
with vaccination was also analyzed and it was
found that 2.7% of the male and 4% of female were
infected. When regression analysis was performed,
there observed no association between sex and
COVID infection (Table 4).

Gender-wise analysis on COVID positives
without vaccination was also analyzed and it was
found that 15% of the male and 13.7% of female
were infected. Surprisingly, when regression
analysis was performed, male sex shown a
marginally significant p trend with the COVID
infectivity (OR=1.114, p=0.073) (Table 5).

Among the positive cases of COVID,
subgroup analysis was performed based on
the vaccination status and gender. It was found
that among the male, 1.7% of the positive cases

Table 1. Frequency of infection among vaccinated, unvaccinated individuals and post vaccination infection after

single and double dose of vaccine

Total N (%)

Positives N (%)

Negatives N (%)

Vaccinated individuals 392 (100%) 12 (3%) 380 (97%)
Unvaccinated individuals 9506 (100%) 1377 (15%) 8129 (85%)
Post vaccination infection after 392 (100%) 4 (1%) 388 (99%)
single dose of vaccine

Post vaccination infection after 163 (100%) 10 (6%) 153 (94%)
double dose of vaccine

Table 2. Breakthrough infection after different types of vaccine

Types of Total N Positive N Negative N X2 p-value
vaccine (%) (%) (%)

Covaxin 62 (16%) 1(1.6%) 61 (98.4%) 15.28  0.0005
Covishield 328 (83.5%) 10 (3.05%) 318 (96.95%)

Others 2 (0.5%) 1(50%) 1(50%)

Total 392 12 380
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were vaccinated while 1.2% among female were
vaccinated. The COVID positives were very high
in both male and female when they are not
vaccinated (Table 6).

DISCUSSION

Since the rapid surge of COVID-19,
more attention had been on the accessibility of
rapid, accurate, and affordable diagnostic test.
Early detection is of more focus in health care
settings to execute appropriate infection control
measures to prevent the disease transmission.
The high sensitive real-time RT-PCR is considered

Table 3. Odds ratio among vaccinated and unvaccinated
individual

as the gold-standard laboratory diagnostic test
and also remain as a widely used confirmatory
test for COVID-19. Rapid, cost effective laboratory
tests are stand in need to curb the spread and
management of SARS-CoV-2 infection. In a
populated country like India, SARS-CoV-2 testing
by RT-PCR is an uphill battle since it can detect
non infectious as well as dead viral paricles which
lasts as positive for long period of time.° In this
scenario, RAT can be used as SARS-CoV-2 detection
point-of-care test for rapid and massive testing,
despite its lower sensitivity than RT-PCR. Since
January 2020, three consecutive waves occurred,
in Puducherry Union territory (UT) the cases

Table 4. Gender wise analysis among vaccinated
individuals

Positive  Negative Odc.js p- Vaccinated Vaccinated Odds  p-
ratio  value Positive Negative ratio  value
(OR) (OR)
\Lﬁ‘fl‘z:;;eadte . 1%3;’ 3821(%%) 0.186 0.001 1l 8(27%) 285(97.3%) 0666 0751
(14.5%) (85.5%) Female 4 (4%) 95 (96%)
OR: Odds Ratio
From March 2021 to March 2022, a total of 9898 patients were tested for SARS-CoV2 by RAT
Vaccinated Unvaccmated
(392) (9506)
Single Dose Double Dose Positive Negative
(229) (163) (1377) (8129)
Positive Negative Positive Negative
(3) (226) ©) (154)

Figure. Frequency of infection among vaccinated and unvaccinated individuals
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Table 5. Gender wise analysis among unvaccinated
individuals

Table 6. Infection among vaccinated and unvaccinated
individuals

Unvaccinated Unvaccinated Odds  p-
Positive Negative ratio Value
(OR)
Male 806 (15%) 4544 (85%) 1.114 0.073
Female 571 (13.7%) 3585 (86.3%)

started increasing since March 2020. This rapid
surge of cases in the UT made the government for
the emergency training of health care workers and
preparedness towards the outbreak management.
In our hospital setting, we tested surveillance
samples, outpatient, and in-patient samples.

In our present study, the positivity rate
was 14% (1389/9898). We observed this during the
second and third wave of SARS-CoV-2 pandemic.
Also, about 3% among vaccinated and 15% among
unvaccinated individuals had breakthrough
infection. This observations are similar to earlier
studies which reported breakthrough infection
ranging from 4 to 31%.'>% Also, a recent study
from Pune, India, reported that 16.8% of the
vaccinated had breakthrough infections.'” In
our study, there is no significant difference
in breakthrough infections after different
intervals of post vaccinations. This might be
explained by the efficient immune response
provided by vaccination in vaccinated individuals.
To date, more than 10 billion doses have been
delivered as per the approval of vaccines by
various regulatory systems.®

Besides, we also examined a significant
difference between the type of vaccine used and
COVID infection, with majority taken Covishield
(83.5%) followed by Covaxin (16%). The infection
rate was higher in both vaccines. It is plausible
that the mutant strains perhaps be resistant to the
available vaccines apart from the reports about the
efficacy against the variant strains. Additionally,
in our study vaccinated individuals had 81.4%
reduced risk of getting infection compared to
unvaccinated individuals showed the reduced
infection rate in vaccinated patients.'® Parallel
results of increased proportion of developing
severe infections among unvaccinated individuals
were observed in other studies.?*?? Similarly, a

Positive X2 Odds p-
ratio value
Vaccinated Unvaccinated (OR)

Male 14 (1.7%)
Female 7 (1.2%)

806 (98.3%) 0.279 1.417 0598
571 (98.8%)

OR: Odds Ratio

recent study of breakthrough infections among
healthcare workers from Sikkim reported less
severe infections in vaccinated individuals. Hence,
this suggests that vaccines reduce COVID-19
associated emergency hospitalization and disease
severity. Similarly, male sex depicted a marginal sex
specific variance in COVID-19 virulence. Previous
studies shown that male gender overrepresented
in COVID-19 infectivity in various populations,
in line with our results.?*?* This may be due to
gender related behaviors, hormonal, genetic
factors and differential expression of Angiotensin
converting enzyme-2 (ACE-2) receptors in males
and females.? and needs more attention. Hence
in our scenario, RAT results found to be primarily
based on the viral load of the samples. The
identified difference in RAT results between
vaccinated and unvaccinated individuals showed
higher viral load in unvaccinated individuals.

CONCLUSION

In conclusion, we observed no variations
in breakthrough infections between the full
vaccinations which might be due to the efficient
immune response imparted through vaccinations.
Also, it appears that vaccinated individuals
had 81.4% reduced infection rate compared to
unvaccinated which inturn showed these vaccines
are still protective against severe infectivity.
Meanwhile, our study depicted a marginal sex
specific variance in COVID infection, hence gender
specificity should be considered while elucidating
the COVID data. Hence RAT can be useful as a
screening tool in curbing the COVID-19 pandemic
through rapid diagnosis of infection in vaccinated
individuals who are more likely to spread the
disease. As RAT is cost effective and had short-
turnaround time, it can be recommended in areas
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with upsurge in SARS-CoV-2 cases to administer
isolation and infection control measures. However,
it may be ascertained by COVID RT-PCR.
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