
Review began  06/24/2021 
Review ended  06/28/2021 
Published 07/06/2021

© Copyright 2021
Hada et al. This is an open access article
distributed under the terms of the
Creative Commons Attribution License
CC-BY 4.0., which permits unrestricted
use, distribution, and reproduction in any
medium, provided the original author and
source are credited.

Comparison of Positivity Rates of Rapid Antigen
Testing and Real-Time Polymerase Chain
Reaction for COVID-19 During the First and
Second Waves of the Pandemic in Eastern Uttar
Pradesh, India
Vivek Hada  , Rama S. Rath  , Aroop Mohanty  , Rishabh Sahai  , Kanishka Kumar  , Subodh Kumar  ,
Hari S. Joshi  , Surekha Kishore 

1. Microbiology, All India Institute of Medical Sciences, Gorakhpur, Gorakhpur, IND 2. Community Medicine and
Family Medicine, All India Institute of Medical Sciences, Gorakhpur, Gorakhpur, IND 3. Pathology, All India Institute of
Medical Sciences, Gorakhpur, Gorakhpur, IND 4. Internal Medicine, All India Institute of Medical Sciences, Gorakhpur,
Gorakhpur, IND 5. Pulmonary Medicine, All India Institute of Medical Sciences, Gorakhpur, Gorakhpur, IND 6.
Community Medicine and Family Medicine, All India Institute of Medical sciences, Gorakhpur, Gorakhpur, IND

Corresponding author: Aroop Mohanty, aroopmohanty7785@yahoo.com

Abstract
Background
The advent of the second wave of coronavirus disease 2019 (COVID-19) in India caused a new range of
challenges in diagnosing the virus. Various point-of-care tests have been introduced for rapid diagnosis.
Although rapid antigen tests are the most commonly used, the false-negative rates are high. Therefore, the
purpose of this study was to compare the positivity rate of real-time polymerase chain reaction (RT-PCR)
testing in rapid antigen-negative cases of COVID-19 during the first and second waves of the COVID-19
pandemic.

Methodology
This was an observational study conducted in the Department of Microbiology, All India Institute of Medical
Sciences, Gorakhpur.

Results
In total, 2,168 patients were tested. The percentage positivity rate of the RT-PCR tests among the antigen-
negative samples was 4.34% in the first wave of the pandemic whereas it was 8.08% in the second wave.

Conclusions
The main conclusion of this study was that antigen tests should never be used alone for the diagnosis of
COVID-19. Instead, they should be confirmed with a RT-PCR test.
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Introduction
The twenty-first century has witnessed three pandemics, all of which have been associated with novel
coronaviruses: severe acute respiratory syndrome, Middle East respiratory syndrome, and coronavirus
disease 2019 (COVID-19). The recent COVID-19 is caused by a novel zoonotic coronavirus: severe acute
respiratory syndrome virus 2 (SARS-CoV-2) [1]. COVID-19 first appeared in Wuhan, one of the largest cities
in China, in December 2019 [2]. Considering its alarming rate of spread outside China and a threefold
increase in the number of cases, the World Health Organization on March 11, 2020, labeled it a global
pandemic [3]. As of May 29, 2021, a total of 168,599,045 confirmed cases of COVID-19 with 3,507,477
confirmed deaths have been reported worldwide [4]. By October 2020, since the first case in December 2019,
approximately one million deaths caused by COVID-19 have been documented [5]. This is considered to be
the period when the first wave of the highly infectious virus occurred, and unprecedented measures were
taken to slow its spread. In India, several molecular laboratories were set up, and existing laboratories were
revamped to increase the testing capacity and detect COVID-19 cases [6]. As a result, 1,525 real-time
polymerase chain reaction (RT-PCR) laboratories began testing for COVID-19 in India [7]. In addition to
testing, self-isolation and proper contact tracing proved highly beneficial in reducing the transmission of
COVID-19 [8]. The results of the implemented measures were observable by the end of 2020 when the
number of active cases substantially reduced. However, with the advent of the second wave of the COVID-19
pandemic in the early months of 2021, the situation worsened again, bringing a new set of challenges in
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diagnosing the virus. Because of the sudden increase in the number of cases in both rural and urban settings,
various point-of-care rapid antigen tests (RATs) were employed. RATs provide results within 15-20 minutes,
enabling COVID-19-positive cases to be identified early, and informing those inflicted to enter isolation as
soon as possible [9]. According to the current research, the specificity of RATs is approximately 99.5%, with a
false-positive rate of less than 1%, while the sensitivity varies from 0% to 94% [10,11]. Although RT-PCR
testing is the highest standard for the detection of COVID-19, it has several limitations. It requires
specialized laboratories with molecular virology facilities with specific biosafety and biosecurity
precautions, a skilled laboratory staff, specialized equipment, and expensive PCR reagents. In addition, it
has time constraints [12]. In this study, we attempted to compare the positivity rates in antigen-negative
samples between the first and second waves of the COVID-19 pandemic.

Materials And Methods
This was a secondary data analysis conducted in the Department of Microbiology, All India Institute of
Medical Sciences, Gorakhpur. Data were collected from the medical records of outpatients visiting the
Microbiology Laboratory for COVID-19 testing. All COVID-19-negative cases identified by an RAT that were
received between August 15, 2020 and April 30, 2021 were included in this study. The cases received
between August 15, 2020 and February 28, 2021 were included in the first wave of the pandemic, while those
received between March 1 and April 30, 2021 were included in the second wave of the pandemic.

Testing methods
The commercially available Indian Council of Medical Research (ICMR)-approved rapid antigen detection
kits were used for testing, namely, Standard Q COVID-19 (SD Biosensor, South Korea/India), Accucare
COVID-19 Antigen Lateral Test Device (MyLab Discovery Solutions, India), Angcard COVID-19 rapid
Antigen Test Kit (Angstrom Biotech Pvt. Ltd., India), Alpine COVID-19 Antigen Rapid Test Kit (Alpine
Biomedicals Pvt. Ltd., India). In particular, nasopharyngeal swabs were collected and inserted into a pre-
filled buffer tube for antigen extraction for 10-15 seconds. The swab was then squeezed and mixed with a
buffer. After adequate mixing, one to two drops were applied to the sample wells of the test device. Results
were noted after 15-30 minutes. The appearance of both control and test lines denoted a valid positive
result, while the appearance of only the control line denoted a valid negative result. The absence of a control
line denoted an invalid test, and repeat sampling and testing were performed for invalid test results.
Nasopharyngeal and oropharyngeal swab samples were collected in viral transport media for each antigen-
negative case and sent for RT-PCR testing. Demographic details such as the age and gender of the patients
were retrieved from the records. The testing criteria were the same as those used by the Government of India
guidelines. However, in phase 1, both rapid antigen-positive and -negative samples were sent for RT-PCR to
validate the findings of the newly established COVID-19 antigen testing laboratory in the institute. The
testing guidelines used are shown in Figure 1.

FIGURE 1: Testing strategy among patients visiting the outpatient
department.
RTPCR: real-time polymerase chain reaction; RDT: rapid detection test

Data compilation
For each patient visiting the testing center, data were collected according to the format prescribed by the
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ICMR. Further, data related to gender, residence, and test positivity status were extracted using the
aforementioned format and were collected from the routine testing database of the laboratory. In this study,
all individuals found positive either by an RAT or by an RT-PCR were designated as COVID-19 positive. All
individuals found negative by an RT-PCR were classified as COVID-19 negative. The first wave of COVID-19
lasted from August 24, 2020 to February 28, 2021, while the second wave lasted from March 1, 2021 to April
30, 2021.

Data analysis
The collected data were entered into Microsoft Excel 2020 and analyzed using Microsoft Excel and Stata 12
(StataCorp LP, College Station, TX). Descriptive statistics were calculated. Test positivity was represented as
a proportion with a 95% confidence interval. The differences in the various parameters between the phases
were tested using the chi-square test for categorical variables and a t-test for continuous variables.
Statistical significance was set at p < 0.05. As this was a secondary data analysis, no ethical approval was
taken. However, permission was obtained from the competent authority. The confidentiality of patient-level
data was maintained throughout the study period. All patient-level identifiers were removed during analysis.

Results
Of the 2,096 patients tested, 297 (14.2%) were found to be positive by RAT and were not tested further
according to the ICMR guidelines. The remaining 1,799 (85.8%) cases, which were deemed negative by RATs,
were subjected to RT-PCR testing. Among those tested by RT-PCR, 117 (6.5%) were found to be positive and
the remaining were negative. Therefore, a total of 414 (20.7%) individuals were found to be positive using
these testing methods (Figure 2). In the first wave of COVID-19, 765 RATs were conducted, of which 53
(6.9%) tested positive and the rest were subjected to RT-PCR testing. Of those subjected to RT-PCR testing,
23 (3.0%) were found to be positive. In the second wave of the pandemic, a total of 1,331 RATs were
conducted, of which 244 (18.3%) were positive, and the remaining were subjected to RT-PCR. Among those
who were subjected to RT-PCR, 95 (7.1%) were found to be positive for COVID-19 (Figure 3).

FIGURE 2: Results of testing at various levels.
RTPCR: real-time polymerase chain reaction; RDT: rapid detection test
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FIGURE 3: Results obtained in different phases of testing in both the
waves.
RTPCR: real-time polymerase chain reaction; RDT: rapid detection test

A comparative analysis of the test positivity rates of RDT and RT-PCR in both waves is summarized in Table
1. The mean age of the participants in the first wave was 31.1 years (SD: 14.0) and in the second wave was
32.6 years (SD: 15.5). The total proportion of female participants was 28.8%, wherein, in the first wave, it
was approximately 25.2%, and in the second wave, it was 30.9%. The positivity by RAT was 6.9% (95%
confidence interval (CI): 5.3-9.0) and 18.3% (95% CI: 16.3-20.5) in the first and second waves, respectively.
This difference is statistically significant. Similarly, the positivity found by RT-PCR among all participants
was approximately 3.0% (95% CI: 2.0-4.5) in the first wave and 7.0% (95% CI: 5.8-8.6) in the second wave,
which was also statistically significant (p-value: 0.000).
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S. no. Parameter Total First wave Second wave P-value

1 Median age (SD) 32.0 (±15.0) 31.1 (±14.0) 32.6 (±15.5) 0.03*

2 Female (%) 28.8% 25.2% 30.9% 0.006#

3 Total tests done 2,096 765 1,331  

4 Positive tests by RAT 297 (14.17; 12.71-15.73) 53 (6.93; 5.32-8.96) 244 (18.33; 16.34-20.50) 0.000#

5 Positive tests by RT-PCR among those who were tested negative by RAT 117 (5.6; 4.7-6.7) 23 (3.0; 2.0-4.5) 95 (7.0; 5.8-8.6) 0.000#

TABLE 1: Differences among patient and test characteristics between the first and second wave
of COVID-19.
RT-PCR: real-time polymerase chain reaction; RAT: rapid antigen test; COVID-19: coronavirus disease 2019

Discussion
This study compared the test positivity results of both waves of COVID-19 in a tertiary care institute in
northern India. The results showed that the positivity of the RATs increased from 6.9% to 18.3%, and
similarly, the false-negative results increased from 3.0% to 6.0% during the same period. The increase in test
positivity in the second wave may be the result of two factors. First, there was an increase in the number of
cases, meaning there was an increase in the incidence of the virus in the second wave compared to the first
wave. Second, the tests were affected by the changing population characteristics. In the first wave, the
population tested included cases with asymptomatic contacts and those who returned to the institute after
lockdown. In the second wave, the individuals tested were mainly symptomatic. This might have resulted in
a high viral load and higher positivity. Further, there was a higher proportion of females tested in the second
wave, which might have resulted in a higher proportion of positivity in the second wave. This may be
because of the greater involvement of females in patient care than males [13]. This study observed an
increased positivity by RT-PCR in cases that were negative by RAT in the second wave of the pandemic
compared to the first wave, emphasizing that RAT should not be used alone. There may be a few possible
reasons for this finding. The first is the increase in the caseload in the country and state in the second wave
compared to the first wave, which might have resulted in an increased false-positive rate. The second reason
for the discrepancy may be due to variations in the virus itself, which may cause a decreased sensitivity and
specificity in the rapid antigen kits for disease-causing agents, such as SARS-CoV-2. Wang et al. observed a
wide mutation in the target genes used to identify COVID-19 in various regions including India [14]. This
might have resulted in the reduced expression of proteins that are targeted by the rapid diagnostic kits.
Another point may be the actual test kit used in each wave [15]. In the first wave, the test kits were from the
same manufacturer, whereas in the second wave, the kits were from different manufacturers. Although all
kits used were approved by the ICMR for the diagnosis of COVID-19, minor differences in sensitivity and
specificity might have resulted in the altered negative predictive value of the test kits [16,17]. Overall, a
higher viral titer in the affected individuals in the second wave of the pandemic could be one of the causes
of the higher positivity rates during the second wave, although only limited data regarding viral load are
available.

Conclusions
This study found an increased positivity by RT-PCR in cases that were found negative by RATs in the second
wave of the COVID-19 pandemic compared to the first wave, emphasizing that RATs should not be used
alone. False-positive cases were not identified or discussed in this study.
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