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ABSTRACT

Introduction: The clinical manifestations of Coronavirus Disease-
2019 (COVID-19) range from asymptomatic cases to severe
respiratory failure. It is unclear whether disease severity is
determined by an excess viral load or a dysregulated immune
response. It is also unclear whether the severe immune response
is successful in rapid viral clearance.

Aim: To understand the relationship between immune response,
viral clearance, and the severity of illness in unvaccinated
patients suffering from COVID-19.

Materials and Methods: This was a cross-sectional observational
study of 65 unvaccinated patients suffering from Reverse
Transcriptase-Polymerase Chain Reaction (RT-PCR) confirmed
COVID-19, conducted at a dedicated COVID-19 centre, Dr. D.Y.
Patil Hospital, Pimpri, Pune, Maharashtra, India. from September
2020 to April 2021. The subjects were enrolled between day
10 and day 14 of the onset of symptoms and from two distinct
clinical groups. Group A consisted of 34 mild cases, and Group
B consisted of 31 severe cases, classified according to the
national guidelines issued by the Indian Council of Medical

INTRODUCTION

The pandemic of coronavirus disease 2019 or COVID-19, caused
by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2), has led to millions of infections and deaths worldwide. A
striking feature of COVID-19 is the wide variance in clinical severity
among infected people, ranging from asymptomatic cases to severe
respiratory failure and multi-organ dysfunction [1]. It has been a
matter of debate whether disease severity is driven by the viral load
or a dysregulated immune response. It is also unclear if the antibody
response helps in viral clearance or reduction in infectiousness of
the case, as conflicting results were obtained in some observational
studies [2,3]. Symptomatic COVID-19 patients develop clinical
manifestations within a mean duration of 14 days (ranging from 2 to
24 days) and can exhibit a range of symptoms, including fever, dry
cough, malaise, anosmia, dyspnea, myalgia, headache, diarrhoea,
etc., [4].

Various predictors of disease severity include older age, body mass
index, various co-morbidities notably diabetes, chronic kidney
disease, malignancies, hypertension, Acquired Immunodeficiency
Syndrome (AIDS), and immunosuppressant therapy [5]. Vaccination
status also significantly reduces disease severity [6,7]. The role
of sex, genetics, and socioeconomic factors and their impact on
the pathogenic mechanisms and disease outcome is incompletely
understood [8-11]. Hypoxia has been used as a major parameter for
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Research (ICMR). The clinical progress of the illness and laboratory
test records were carefully reviewed. A repeat throat swab for
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) RT-PCR, blood levels of COVID-19 specific antibodies
Immunoglobin G (IgG) and IgM, C-reactive protein (CRP), and
D-dimer levels were measured on day 14 of the iliness. The data
were analysed using MedCalc and Epi Info software. Chi-square
and Fisher’s-Exact tests were used to assess variables such as
viral detection, antibody response, and inflammatory markers.

Results: In Group A, 2/34 (5.88%) patients tested RT-PCR
negative {Cycle threshold (Ct) value cut-off above 35} compared
to 5/31 (16.13%) in Group B (p=0.0829). In Groups A and B,
respectively, the mean antibody titers were 35390.47 and
36426.11 (p=0.7469), the mean CRP values were 4.91 (p<0.001)
and 31.01 mg/dL, and the mean D-dimer levels were 895 and
2896 ng/mL (p<0.001).

Conclusion: Both mild and severe COVID-19 cases had a
significant antibody response which, however, did not help in
viral clearance. Most patients remained RT-PCR positive on day
14 regardless of the disease severity.

Keywords: Antibody, Coranavirus disease-2019, D-dimer, Markers

clinical disease severity classification and is also a predictor of the
outcome [12]. During the first wave of COVID-19, it was observed in
the hospital that mild cases generally remained throat swab positive
for a longer duration of time, sometimes even up to six weeks,
whereas severe cases showed relatively earlier viral clearance.
During the initial days of the pandemic, ICMR prescribed quarantine
of COVID-19 patients for two weeks or until a negative repeat throat
swab, whichever was later [13].

The hypothesis of dead virus being detected by RT-PCR after two
weeks was popular too. Confirmation would then require either
viral cultures or documentation that there is no difference in viral
clearance regardless of the immune response. Another debatable
issue was whether the severity of the disease is due to the viral load
or due to the dysregulated excessive inflammatory immune response
and whether such a response served any benefit in clearing the
virus earlier. Such data would guide in reducing the unnecessary
quarantine period, use of hospital resources, and manpower. The
initial trend, however, was to quarantine people until and unless they
turned throat swab negative, which was later changed to 14 days
for all patients, and repeat RT-PCR was thought to be unnecessary.
Consequently, the quarantine period was reduced to one week [13].

The present study thus, aimed to test the hypothesis that there might
be an inverse relationship between immune response and severity
of illness with viral clearance in patients suffering from COVID-19.
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The secondary objective was to see if an exaggerated inflammatory
immune response helped in early viral clearance, and the secondary
objective was to see whether the inflammatory response correlated
with protective immune response.

MATERIALS AND METHODS

This was a cross-sectional observational study conducted at a
dedicated COVID-19 hospital, Dr. DY Patil Hospital in Pimpri, Pune,
Maharashtra, India. The study was approved by the Institutional
Ethics Committee before the commencement of enrollments (DYPV/
EC/591/2020). The enroliment period was from September 2020 to
April 2021, and enroliments were stopped after the vaccination drive
started as it was an important confounding factor for the study.

Sample size calculation: According to the variables to be tested,
the sample size was calculated to be 58, with 29 in each group,
assuming a moderate effect size with a confidence interval of 95%.
The Type 1 error was kept at 0.05, and the Type 2 error was kept
at 2. The power of the study was 80%. The software used was
G*power version 3.1.9.7 [14,15].

Inclusion and Exclusion criteria: All adult patients admitted to the
dedicated COVID-19 hospital with a confirmed diagnosis of COVID-
19 were screened as potential participants of the study. None of
these patients had received even a single dose of any COVID-19
vaccine, and the study was conducted during the period before
the emergence of the delta and omicron variants. A confirmed
case of COVID-19 was defined as a patient whose nasopharyngeal
swab was positive for SARS-CoV-2 by RT-PCR (Quantitative real-
time reverse transcription polymerase chain reaction). Patients with
known co-morbidities dampening adequate immune response, such
as uncontrolled diabetes, Acquired Immunodeficiency Syndrome
(AIDS), transplant patients, and patients on immunomodulatory therapy,
were excluded from enrollment. The use of steroids as a part of
COVID-19 treatment in doses recommended by ICMR guidelines
was allowed and not considered as an exclusion criterion. Out of
123 screened patients, a total of 70 patients who gave written and
informed consent were enrolled. The reason for the higher screen
failure rate was widespread fear and panic among the patients as
significant uncertainty about treatment protocols and their efficacy
prevailed in society. Five patients were dropped out from the analysis
after enroliment for various reasons.

Study Procedure

The patients were enrolled between the 10" and 14" day of their
illness (counted from the day of symptom onset), and they were
selected from two distinct clinical groups classified as per ICMR
guidelines [13]. Group A consisted of mild cases, and Group B
consisted of severe cases. A mild case of COVID-19 was defined
as having upper respiratory tract symptoms and/or fever without
shortness of breath or hypoxia, whereas a severe case was defined
as a patient with a respiratory rate of more than 30/min or significant
hypoxia (SpO, <90% on room air). Most severe cases required
oxygen supplementation and had extensive radiological infiltrates or
evidence of thromboembolic phenomena. On day 14 of the illness,
a repeat throat swab was collected for RT-PCR with primers and
probes targeting the E (Envelope) gene and RdRp {Ribonucleic Acid
(RNA)-dependent RNA polymerase} gene specific to SARS-CoV-2.
A blood sample was collected and evaluated for total COVID-19
specific antibodies (IgM and IgG), CRP levels, and D-dimer levels.
Nasopharyngeal swabs and blood samples were collected by trained
medical staff. The Ct value (Cyclic threshold value) of the E gene
and RdRp gene in RT-PCR was considered as a parameter for viral
clearance, with a value more than 34 considered as negative [16].
COVID-19 specific antibody titers signified the degree of immune
response against the virus, and CRP/D-dimer values were markers
of inflammation.
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STATISTICAL ANALYSIS

MedCalc (version 20.305) and Epi Info (version 7.2) software were
used for data processing and analysis. A Chi-square test was used
to assess the association between severity and RT-PCR results, and
Fisher’s-exact test was used when more than 20% of the cells had
an expected value <5. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

A total of 70 patients were enrolled in the study. Five cases were
dropped from the analysis as the day 14 evaluation could not be
done due to various reasons such as death, loss of follow-up,
unavailability of test kits, etc. Out of the remaining 65 enrolled
patients, 34 patients were enrolled in Group A (mild cases) and
31 patients were enrolled in Group B (severe cases). For statistical
purposes, Ct values were sub-grouped as <20, 20-30, >30 for RT-
PCR; total SARS-CoV antibody titers (IgG+IgM) were sub-grouped
as titers <1000, 1000-50000, and >50000; CRP values were sub-
grouped as <5, 5-50, and >50 mg/dL, and D-dimer values were
sub-grouped as 500, <500-2000, and >2000 ng/mL.

On day 14 of the illness, two out of 34 patients (5.88%) tested
RT-PCR negative in Group A compared to five out of 31 patients
(16.13%) in Group B. RT-PCR results are shown in [Table/Fig-1,2].
The mean antibody titer for mild cases was 35,390 with a 95% Cl
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[Table/Fig-1]: Graph showing RT-PCR results at day 14 of illness in enrolled
participants.

Ctvalue of RT- PCR
25

15
10
0

E (Mild) RdRp (Mild) E (Severe) RdRp (Severe)
=<0 0 0 3 3

Cases

w

[Table/Fig-2]: Graph showing Ct values of RT-PCR (E and RdRp genes) at day 14
of illness in enrolled participants.
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of 23,752 to 47,021, compared to 36,426 for severe cases with
a 95% Cl of 24,300 to 48,552. The difference was statistically
insignificant [Table/Fig-3].
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The mean CRP levels were 4.92 mg/dL for mild cases with a 95%
Cl of 2.96 to 6.87, compared to 31.01 mg/dL with a 95% Cl of 18.77
to 43.25 for severe cases (p<0.05) [Table/Fig-5]. All the results have
been summarised in [Table/Fig-6]. The results suggested that there
was a higher chance of viral clearance in patients with a stronger
infammatory response, though the results were not statistically

significant.
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The mean D-dimer levels were 895 ng/mL for mild cases with a 95%
Cl of 225.52 to 1564.48, compared to 2896.57 ng/mL with a 95%
Cl of 1807.79 to 3985.34 for severe cases (p<0.05) [Table/Fig-4].
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[Table/Fig-5]: Graph showing CRP values at day 14 in enrolled participants.
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[Table/Fig-4]: Graph showing D-Dimer values at day 14 in enrolled participants.
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Variables

RT-PCR result

Negative 2 5 0.183
Positive 32 26

Ct value of E gene

<20 0 3

20-30 17 13 0.22
>30 16 15

Ct value of RdRp gene

<20 0 3

20-30 10 9 0.082
>30 23 19

COVID-19 Antibodey titre (total)

<1000 3 1

1000-50000 22 21 0.7469
>50000 7 6

CRP

<5 25 6

5-50 8 19 <0.001
>50 1 6

D-dimer

<500 16 5

500-2000 5 9 <0.001
>2000 3 16

[Table/Fig-6]: Table illustrating various variables and *statistical results of the studly.
*Statistical analysis was done using Chi-square test and Fisher's-exact test to assess the variables.

A p-value of less than 0.05 was considered significant
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DISCUSSION

When the pandemic came into the limelight in January 2020, there
were a lot of questions and doubts regarding the virus. Healthcare
workers were not immune to these challenges either. There was
limited data regarding the duration of viral shedding after acquiring
the virus and the mean duration for viral RNA detection. As the days
passed, case reports revealed patients testing positive for SARS
CoV-2 even up to 70-90 days from the onset of symptoms, even
though they became asymptomatic with clinical resolution [17,18].
Patients remained isolated for prolonged durations because of the
fear of transmission. Doctors and nursing staff of COVID-19 care
centres who tested positive faced a similar issue. They remained
quarantined for weeks before they tested negative, disrupting the
workforce of the hospital in the fight against the pandemic.

During this period, a clinical pattern was observed which suggested
that patients with mild disease remained positive for a longer period
compared to patients with severe disease, who tended to become
RT-PCR negative relatively quickly, even though their disease
morbidity and hospital stay were longer. This led to a hypothesis
suggesting an inverse relationship between the severity of the
disease and viral clearance. However, there was still inadequate
understanding of the various immune responses. The inflammatory
response leading to a cytokine storm frequently occurred in the
second week of illness and was a destructive immune response. A
protective immune response, helping in viral clearance, was thought
to be the antibody response, although the results of studies treating
severe COVID-19 cases with convalescent plasma were not very
promising [19,20]. This suggested that the immune response was
distinctly acting on two different domains: the inflammatory response
and the protective response. The link between them was missing,
and it was unclear whether the antibody response protected against
clinical worsening. Some studies indicated that immune evasion
might play a significant role in the disease, suggesting that the
production of antibodies may not be linked to the clearance of the
virus [21-23]. Other studies found that SARS-CoV-2 RNA fragments
may integrate into the human genome, which may explain the
persistence of positive RT-PCR results in some patients [24,25]. The
persistence of RT-PCR and infectivity may not go hand in hand.

van Kampen JJA et al., reported that COVID-19 patients shed
SARS-CoV-2 RNA for 10-20 days [26]. However, the detection of
viral RNA does not necessarily mean that a person is infectious
and able to transmit the virus to another person. The findings of
Glans H et al., suggested that the presence of SARS-CoV-2 specific
antibodies in the serum may indicate a lower risk of viral shedding,
which may indicate a possible link between viral clearance and the
body’s immune response [27].

Currently, the required isolation period in India is a minimum of
seven days after the onset of symptoms and 72 hours after being
asymptomatic, and a repeat throat swab is not required [13]. In the
current study, it was observed that very few cases turned RT-PCR
negative after 14 days of ilness in both the mild and severe groups.

This is one of the very few studies evaluating the relationship
between the severity of the disease, immune response, and viral
clearance. Other studies testing a similar hypothesis have shown
conflicting results. Masia M et al., showed that the magnitude of the
antibody response to SARS-CoV-2 contributed to viral clearance
and concluded that the antibody response was directly proportional
to the extent of bilateral lung infiltrates [3]. However, authors found
an excellent antibody response in both mild and severe cases. On
the contrary, Hafez W, in retrospective analysis, showed that the
severity of COVID-19 was associated with delayed viral clearance
[2]. Zhao H et al., also reached the conclusion that clearance of
viral RNA in sputum was delayed in severe COVID-19 patients [28].
These findings were against present clinical observations that led
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to the proposed hypothesis of present study. Authors found that
the clinical severity did not correlate with viral clearance, although
there was a statistically non significant trend of early viral clearance
in severe cases. Although the hypothesis could not be accepted
based on the statistical analysis, there was a trend towards early viral
clearance in severe cases. The data will make a useful contribution
to any future meta-analysis.

It was also observed that severe cases had significantly higher
CRP (p=0.000055) and D-dimer (p=0.000471) values compared
to mild cases, suggesting that CRP and D-dimer are apt markers
for inflammation and, hence, the severity of the disease. Ali AM
et al., had similar findings in their analysis of COVID-19 patients,
where severe cases had higher D-dimer and CRP levels and were
associated with higher mortality rates [29]. Ullah W et al., also
suggested that raised CRP and D-dimer were linked to the need for
intensive care and increased in-hospital mortality, which supported
present findings [30].

Limitation(s)

The sample size could have been larger if, authors had chosen a
lower margin of type 2 error during estimation, thus increasing the
power of the study. However, there were many challenges, including
limited funds, expensive investigations, lack of manpower, lack of
effective treatment, and fear among healthcare workers and patients.
These factors were prevalent during the study period due to the
nationwide lockdown. Despite these challenges, it was important
to evaluate the proposed hypothesis, and hence, the study was
conducted as a pilot project.

A limitation of present study is that RNA detection using RT-
PCR does not distinguish between viable and nonviable viruses.
Therefore, a positive nasopharyngeal swab is not indicative of
infectivity or transmissibility and cannot differentiate between live
virus and dead viral fragments. In the present study, authors chose
the two extremes of severity to look for any meaningful differences.
Authors expected an overlap in people with moderate severity, and
hence, this category was not considered in the present study.

CONCLUSION(S)

The study results primarily shed light on the pathophysiological
immune response to the unmutated COVID-19 virus, and similar
studies for the various COVID-19 variants are warranted. The
severity of the disease correlated with the inflammatory markers but
not the antibody response or viral clearance, which were similar in
both mild and severe cases. This suggests that different pathways
may be responsible for viral clearance and protective immunity.

Acknowledgement
Author would like to thanks Dr. D.Y. Patil Vidyapeeth for providing a
research grant for present study.

REFERENCES

[11 Wayne MT, Weng W, O’'Malley M, Bozyk P, Doshi MM, Flanders SA, et al.
Variation in COVID-19 disease severity at hospital admission over time and across
hospitals: A multi-institution cohort of Michigan hospitals. Medicine (Baltimore).
2021;100(37):e27265.

[2] Hafez W. COVID-19 patient characteristics and time to viral clearance:
A retrospective observational study in a multiethnic population (United Arab
Emirates). J Clin Virol. 2022;157:105297.

[3] MasiaM, Telenti G, Fernandez M, Garcia JA, Agullo V, Padilla S, et al. SARS-CoV-2
seroconversion and viral clearance in patients hospitalized with COVID-19: Viral
load predicts antibody response. Open Forum Infect Dis. 2021;8(2):0fab005.

[4] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506.

[5] Gallo Marin B, Aghagoli G, Lavine K, Yang L, Siff EJ, Chiang SS, et al. Predictors
of COVID-19 severity: A literature review. Rev Med Virol. 2021;31(1):01-10.

[6] Andrews N, Tessier E, Stowe J, Gower C, Kirsebom F, Simmons R, et al. Duration
of protection against mild and severe disease by COVID-19 vaccines. N Engl J
Med. 2022;386(4):340-50.

Journal of Clinical and Diagnostic Research. 2023 Dec, Vol-17(12): OC01-0OC05



www.jcdr.net

[71

(8l

[9]

[10]

[11]

2]

[13]

[14]

[15]

[16]

[17]

[18]

Zheng C, Shao W, Chen X, Zhang B, Wang G, Zhang W. Real-world effectiveness
of COVID-19 vaccines: A literature review and meta-analysis. Int J Infect Dis.
2022;114:252-60.

Meng Y, Wu P, Lu W, Liu K, Ma K, Huang L, et al. Sex-specific clinical characteristics
and prognosis of coronavirus disease-19 infection in Wuhan, China: A retrospective
study of 168 severe patients. PLoS Pathog. 2020;16(4):e1008520.

Takahashi T, Ellingson MK, Wong P, Israelow B, Lucas C, Klein J, et al. Sex
differences in immune responses that underlie COVID-19 disease outcomes.
Nature. 2020;588(7837):315-20.

Wiliamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature.
2020;584(7821):430-36.

Mena GE, Martinez PP, Mahmud AS, Marquet PA, Buckee CO, Santillana M.
Socioeconomic status determines COVID-19 incidence and related mortality in
Santiago, Chile. Science. 2021;372(6545):eabg5298.

Garcia-Gonzalez P, Tempio F, Fuentes C, Merino C, Vargas L, Simon V, et al.
Dysregulated immune responses in COVID-19 patients correlating with disease
severity and invasive oxygen requirements. Front Immunol. 2021;12:769059.
[Internet]. icmr.gov.in.(2022). https://www.icmr.gov.in/pdf/COVID-19/techdoc/
COVID-19_Clinical_Management_14012022.pdf.

Faul F, Erdfelder E, Lang AG, Buchner AG. “Power 3: A flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods. 2007;39:175-91.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: Tests for correlation and regression analyses. Behav Res Methods.
2009;41(4):1149-60.

La Scola B, Le Bideau M, Andreani J, Hoang VT, Grimaldier C, Colson P, et al.
Viral RNA load as determined by cell culture as a management tool for discharge
of SARS-CoV-2 patients from infectious disease wards. Eur J Clin Microbiol
Infect Dis. 2020;39(6):1059-61.

Li W, Huang B, Shen Q, Jiang S, Jin K, Ning L, et al. Persistent SARS-CoV-2-
positive over 4 months in a COVID-19 patient with CHB. Open Med (Warsz).
2021;16(1):749-53.

Alsaud AE, Nair AP, Matarneh AS, Sasi S, El Hassan R, Khan F, et al. Case
report: Prolonged viral shedding in six COVID-19 patients. Am J Trop Med Hyg.
2021;104(4):1472-75.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Tushar Ramesh Sahasrabudhe et al., COVID-19 Immune Response Study

Klassen SA, Senefeld JW, Senese KA, Johnson PW, Wiggins CC, Baker SE,
et al. Convalescent plasma therapy for COVID-19: A graphical mosaic of the
worldwide evidence. Front Med (Lausanne). 2021;8:684151.

Korley FK, Durkalski-Mauldin V, Yeatts SD, Schulman K, Davenport RD, Dumont
LJ, et al. Early convalescent plasma for high-risk outpatients with COVID-19.
N Engl J Med. 2021;385(21):1951-60.

Min YQ, Huang M, Sun X, Deng F, Wang H, Ning YJ. Immune evasion of
SARS-CoV-2 from interferon antiviral system. Comput Struct Biotechnol J.
2021;19:4217-25.

Lei X, Dong X, Ma R, Wang W, Xiao X, Tian Z, et al. Activation and evasion of type |
interferon responses by SARS-CoV-2. Nat Commun [Internet]. 2020;11(1):3810.
Micochova P, Kemp SA, Dhar MS, Papa G, Meng B, Ferreira IATM, et al.
SARS-CoV-2 B.1.617.2 Delta variant replication and immune evasion. Nature.
2021;599(7883):114-19.

Zhang L, Richards A, Barrasa MI, Hughes SH, Young RA, Jaenisch R. Reverse-
transcribed SARS-CoV-2 RNA can integrate into the genome of cultured human
cells and can be expressed in patient-derived tissues. Proc Natl Acad Sci USA.
2021;118(21):62105968118.

Grigoriev A, Kelley JJ, Guan L. Sequences of SARS-CoV-2 “hybrids” with the
human genome: Signs of non-coding RNA? J Virol. 2022;96(2):e0146221.

van Kampen JJA, van de Vijver DAMC, Fraaij PLA, Haagmans BL, Lamers MM,
Okba N, et al. Duration and key determinants of infectious virus shedding in
hospitalized patients with coronavirus disease-2019 (COVID-19). Nat Commun.
2021;12(1):267.

Glans H, Gredmark-Russ S, Olausson M, Falck-Jones S, Varnaite R, Christ W,
et al. Shedding of infectious SARS-CoV-2 by hospitalized COVID-19 patients in
relation to serum antibody responses. BMC Infect Dis. 2021;21(1):494.

Zhao H, Tu H, Yu X, Su J, Zhang X, Xu K, et al. Delayed clearance of viral RNA
in sputum for severity COVID-19 patients with initial high viral load. Infect Drug
Resist. 2022;15:1971-79.

Ali AM, Rostam HM, Fatah MH, Noori CM, Ali KM, Tawfeeq HM. Serum troponin,
D-dimer, and CRP level in severe coronavirus (COVID-19) patients. Immun
Inflamm Dis. 2022;10(3):e582.

Ullah W, Thalambedu N, Hag S, Saeed R, Khanal S, Tarig S, et al. Predictability
of CRP and D-Dimer levels for in-hospital outcomes and mortality of COVID-19.
J Community Hosp Intern Med Perspect. 2020;10(5):402-08.

PARTICULARS OF CONTRIBUTORS:
Professor, Department of Respiratory Medicine, Dr. D.Y. Patil Medical College, Hospital and Research Centre, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune, Maharashtra, India.
Junior Resident, Department of Respiratory Medicine, Dr. D.Y. Patil Medical College, Hospital and Research Centre, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune, Maharashtra, India.
Senior Specialist, Department of Puimonary Medicine, Aster RV Hospital, Bengaluru, Karnataka, India.

Associate Professor, Department of Respiratory Medicine, Dr. D.Y. Patil Medical College, Hospital and Research Centre, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune,

1.

2.
3
4

oo

Maharashtra, India.

Professor, Department of Respiratory Medicine, Dr. D.Y. Patil Medical College, Hospital and Research Centre, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune, Maharashtra, India.
Associate Professor, Department of Microbiology, Dr. D.Y. Patil Medical College, Hospital and Research Centre, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune, Maharashtra, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Tushar Ramesh Sahasrabudhe,

Professor, Department of Respiratory Medicine, Dr. D.Y. Patil Medical College,
Hospital and Research Centre, Dr. D.Y. Patil Vidyapeeth, Pimpri,
Pune-411018, Maharashtra, India.

E-mail: dr_tushar_s@yahoo.co.in

AUTHOR DECLARATION:

Financial or Other Competing Interests: None
Was Ethics Committee Approval obtained for this study? Yes
Was informed consent obtained from the subjects involved in the study? Yes

For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2023 Dec, Vol-17(12): OC01-0OC05

PLAGIARISM CHECKING METHODS: 1an*etall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Mar 04, 2023

* Manual Googling: Sep 30, 2023

EMENDATIONS: 7

® Thenticate Software: Oct 01, 2023 (7 %)

NA

Date of Submission: Feb 24, 2023
Date of Peer Review: May 13, 2023
Date of Acceptance: Oct 05, 2023
Date of Publishing: Dec 01, 2023


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

