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N3N Y:Xeill The real-time reverse transcription-polymerase chain reaction (RT-PCR) is considered as the sensitive

proof for detecting the viral infection of the SARS-CoV-2 virus obtained from respiratory samples. The
quantitative values for the analysis are beneficial for estimating the transmissibility of people who test positive for SARS-CoV-2.
This can be further achieved by analyzing the samples by semiquantitative means through the interpretation of the cycle
threshold (Ct) values of RT-PCR that represent the first cycle of PCR at which a detectable signal appears during the assays. The
Ct value shows a correlation between high viral load and disease infectiousness, which is observed with other respiratory
viruses, including the influenza B infection and rhinovirus infection. Hence, the present study aims to analyze the surveillance of
COVID-19 to monitor longer-term epidemiologic trends and trends in deaths due to COVID-19. In order to achieve this aim, the
present review was reported to the preferred reporting items for systematic reviews and meta-analysis statements (PRISMA) for
analyzing the Ct value-based epidemic predictions and to monitor long-term epidemiologic trends of SARS-CoV-2 virus. Total
33 studies have been finalized for finding out the results of the study. The epidemiologic parameter and a representative of the
surveillance data for reporting to the World Health Organization were fulfilled by analyzing the systematic review and meta-
analysis of the selected study. Moreover, the evaluation of the impact of the pandemic on the health care system and society was

achieved by analyzing the studies mentioned here.

INTRODUCTION

The affected individuals from the COVID-19 pandemic have
been observed with respect to the severity of disease evolving
with no symptoms, the requirement of intensive care, and fatal
outcomes. The new coronavirus infection caused by SARS-
CoV-2 has been diagnosed using laboratory methods that
involve the real-time reverse transcription-polymerase chain
reaction (RT-PCR) (Tang et al., 2020). The real-time reverse
transcription-polymerase chain reaction (RT-PCR) is
considered as the sensitive proof for detecting the viral
infection obtained from respiratory samples. The RT-PCR
allows the qualitative analysis of the samples as
nasopharyngeal swabs are observed to cause difficulty in
standardizing. However, the quantitative values for the
analysis would be beneficial for estimating the infectiousness
of people testing positive for SARS-CoV-2. This can be further
achieved by analyzing the samples by semiquantitative
means through the interpretation of the cycle threshold (Ct)
values of RT-PCR. A Ct value represents the first cycle of PCR at
which a detectable signal appears during the assays. Hence,
the number of amplification cycles required for targeting the
sample gene to increase the threshold level is represented by
the RT-PCR. Additionally, it can be said that the Ct value is
inversely proportional to the viral load and has been
considered as an indirect method toward the quantification of
the copy number of the viral RNA in the present sample. The Ct
value is often influenced by the dynamics of the RT-PCR assay
being used for detection of infection along with the
involvement of the factors responsible for the amplification
efficiency of the sample being tested.

The Ct value shows a correlation between high viral load and
disease severity which is observed with other respiratory
viruses involving the influenza B infection or rhinovirus
infection (Granados et al., 2017; Liet al., 2010). Recent studies
concerning SARS-CoV-2 have shown a relationship between
the lower RT-PCR Ct value and mortality rate of the patients
being admitted in the hospitals (Magleby et al., 2020; Pujadas
et al., 2020). It has been revealed from the analysis that the
viral load of SARS-CoV-2 shows variations during the
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infection in the presymptomatic stage. Hence, the time at
which the symptoms occur during the infection has been
considered as an important factor for a low Ct value
representing a high viral load.

One of the recommendations from Germany for patients who
are detected with COVID-19 till the end of November has
revealed that patients having Ct values >30 need not
quarantine themselves if the occurrence of symptoms has
been observed for 10 days or more (Kleist et al., 2020). The
analysis evaluating the Ct value depended on the detection of
infection rate and viability of SARS-CoV-2 in cell culture
assays 8 days after the occurrence of symptoms (Bullard et al.,
2020; Young et al., 2020; Wolfel et al., 2020). One of the studies
has revealed that almost 8.3% of the cases with the SARS-
CoV-2 infection have found Ct values >35 and the residents of
the nursing facility were presymptomatic, representing
positive viral culture despite Ct values >30 (Singanayagam et
al., 2020; Kimball et al., 2020). This further shows that the
infection rate of SARS-CoV-2 does not entirely depend upon
the Ct value, but rather on the sampling time during the
infection, the quality of nasopharyngeal swabs, the nucleic
acid extraction method, and the protocol followed for the RT-
PCR. The recommendation in Germany has been modified for
using laboratory cut-offs of the Ct value consisting of viral
preparation with approximately 1 million copies of per ml RNA
of SARS-CoV-2 (Ade et al.,, 2021). The lower Ct value
represents the rate of infection.

The World Health Organization (WHO) has implicated
guidance for the surveillance of COVID-19 among humans
which is caused by SARS-CoV-2. The suspected and probable
cases of COVID-19 are being detected as per the
recommendations of WHO involving diagnostic tests. The
surveillance approaches have been implicated among the
member states for COVID-19 national surveillance. The
national surveillance for COVID-19 has encouraged the
public authorities toward reducing the transmission of
COVID-19 by limiting the rate of mortality and morbidity. New
cases of COVID-19 should be identified and the data should
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be evaluated for the relevant epidemiological analysis within
24 h of diagnosis. Furthermore, the national authorities have
declared COVID-19 as a necessary, notifiable disease with
the implication of immediate reporting. The surveillance
system should be quite active to make the high-risk
populations safe. All levels of the healthcare system are
tracked by the surveillance systems with contact tracing at the
community level. The infection of SARS-CoV-2 needs to be
included as a mandatory scenario for reporting within the
healthcare surveillance system among the countries with the
necessary reporting systems. The number of COVID-19
deaths should be reported immediately as well. The routine
analysis reports are distributed at reporting sites within the
surveillance system which is made available to the public
through government websites.

The COVID-19 pandemic has evolved several concerns in the
public, administrative, and healthcare sectors. The
transmission of SARS-CoV-2 and the report concerning its
impact highlights the healthcare service-providers and
healthcare professionals who are at risk and are considered
as the major bearers of the infection. The inadequate facilities
of healthcare equipment during the COVID-19 pandemic
have increased the exposure of outpatient departments and
operating rooms to the affected patients and healthcare
providers causing cross-contamination. The WHO is
responsible for implicating the guidelines for managing the
patients and healthcare workers that have contributed toward
the healthcare system.

MATERIALS AND METHODS

The present review was reported using the preferred reporting
items for systematic reviews and meta-analysis statements
(PRISMA).

Research Questions

According to the research objectives of the study that focuses

on contributing toward the surveillance of COVID-19 to

monitor longer-term epidemiologic trends and monitor trends

in COVID-19 deaths, some of the specific research questions

that will be effective in analyzing the research study have

beenillustrated below:

e What are the major impacts of the COVID-19 pandemic on
the health care system and society?

e What doyoumean by COVID-19 surveillance?

« Howisthe surveillance of COVID-19 analyzed?

e How are the epidemiological trends of the COVID-19
pandemic determined?

« How does the surveillance of COVID-19 monitor the
epidemiological trends and COVID-19 deaths?

*  Whatisthe cycle threshold value (Ct)?

*  How can the surveillance of COVID-19 be evaluated in
terms of the cycle threshold value (Ct)?

* Can the surveillance of COVID-19 with a threshold value
(Ct) be represented as an epidemiologic drift?

Research Objectives:

The main aim of the study is to focus on contributing toward

the surveillance of COVID-19 to monitor the longer-term

epidemiologic trends and trends in COVID-19 deaths. The
following are the objectives that will be helpful in determining
the major aim of the study:

e To contribute in the surveillance of COVID-19 to monitor
the longer-term epidemiologic trends and trends in
COVID-19 deaths

e To conduct the surveillance of COVID-19 as an
epidemiologic parameter and a representative of
surveillance data for reporting to the WHO

« To evaluate the impact of the pandemic on the healthcare
system and society.

PRISMA Methodology:
The surveillance data in the form of a Ct-based epidemiologic

curve from where the case fatality rate can be determined for
showing epidemiologic trends of the SARS-CoV-2 virus were
screened to monitor longer-term epidemiologic trends and
trends in COVID-19 deaths while the infected patients were
undergoing laboratory tests of the RT-PCR. The PRISMA
analysis was done to identify, screen, and select the studies for
a systematic literature review.

Records identified through
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Figure 1: PRISMA flowchart for search methodology

Search Strategy:

Electronic databases were checked for research papers using
the keywords 'COVID-19', 'Cycle threshold', "Real-time Reverse
Polymerase Chain Reaction,” “SARS-CoV-2," “novel
coronavirus,” “Symptom duration in COVID-19,” "Laboratory
testing of COVID-19,” "Ct value for SARS-CoV-2," "viral load,”
etc. Different databases such as Embase, PubMed, Google
Scholar, and the Cochrane library were screened and only
randomized trial studies were taken into consideration in this
systematic review. For instance; we searched PubMed,
Embase, clinicaltrial.gov, Google Scholar, Cochrane Library
for 2020, etc. to screen the surveillance data in the form of a Ct
value-based epidemiologic curve from where the case fatality
rate can be monitored to show epidemiologic trends of the
SARS-CoV-2 virus. A PRISMA analysis was done to identify,
screen, and select the studies for the systematic literature
review. Total 2844 articles comprising 1456 articles from
PubMed, 1305 articles from Embase, and 83 articles Cochrane
library were screened. A total of 753 articles were screened
from Clinicaltrial.gov and Google scholar.

Eligibility criteria

The study titles and research overview were identified and
screened on an independent basis, and the studies which
were not conforming to the topic were rejected. Following was
the criteria for study inclusion and exclusion:

e Criteriafor study inclusion:

The studies representing Ct value-based epidemiologic
predictions from where the epidemic trend can be monitored
were considered for the study. The epidemiologic parameter
and a representative of surveillance data constituting the
impact for reporting to the WHO were included in this study.
Additionally, the data concerning the impact of the pandemic
on the healthcare system and society were considered for the
study.
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Database: Medline <1950 to 2021 March 22>
Search Strategy:

“coronaviridae"[all] OR "corona virus"[all])

1AND 2

4 3 NOT ("animals"[Mesh] NOT "humans"[Mesh]))
Search Strategy:

"CT values'[all] OR "viral load"[all] OR "Viral Load"

“coronaviridae"[all] OR "corona virus"[all])
1AND 2

Database: Embase <1974 to March 22, 2021>
Search Strategy:

"CT values"[all] OR "viral load"[all] OR "Viral Load"

OR "coronaviridae"[all] OR "corona virus"[all])
1AND 2

Search Strategy:

1 "cycle threshold value"[all] OR "CT-value"[all] OR "CT value"[all] OR "cycle threshold"[all] OR

"CT-values"[all] OR "CT values"[all] OR "viral load"[all] OR "Viral Load"[Mesh]

2 ("coronavirus'"[all] OR "COVID-19"[all] OR "covid 2019"[all] OR "COVID19"[all] OR "SARS-CoV-2"[all] OR
"SARS2"[all] OR "SARS-CoV-19"[all] OR "severe acute respiratory syndrome coronavirus 2"[all] OR "novel cov"[all]
OR "novel coronavirus"[all] OR "2019ncov"[all] OR "sars cov2"[all] OR "cov2"[all] OR "ncov"[all] OR

Database: Cochrane Central Register of Controlled Trials up to March 22
1 "cycle threshold value"[all] OR "CT-value"[all] OR "CT value"[all] OR "cycle threshold"[all] OR "CT-values"[all] OR
2 ("coronavirus"[all] OR "COVID-19"[all] OR "covid 2019"[all] OR "COVID19"[all] OR "SARS-CoV-2"[all] OR "SARS2"[all]

OR "SARS-CoV-19"[all] OR "severe acute respiratory syndrome coronavirus 2"[all] OR "novel cov'[all] OR
"novel coronavirus"[all] OR "2019ncov"[all] OR "sars cov2"[all] OR "cov2"[all] OR "ncov"[all] OR

1 "cycle threshold value"[all] OR "CT-value"[all] OR "CT value"[all] OR "cycle threshold"[all] OR "CT-values"[all] OR
2 ("coronavirus"[all] OR "COVID-19"[all] OR "covid 2019"[all] OR "COVID19"[all] OR "SARS-CoV-2"[all] OR "SARS2"[all]

OR "SARS-CoV-19"[all] OR "severe acute respiratory syndrome coronavirus 2"[all] OR "novel cov"[all]
OR "novel coronavirus"[all] OR "2019ncov"[all] OR "sars cov2"[all] OR "cov2"[all] OR "ncov"[all]

Grey literature sources: clinicaltrial.gov, and Google Scholar up to March 22, 2021

All possible combinations among search terms from each of the following domains were manually created and searched
Only a single term from each domain was used in any combination.

Figure 2: Search Strategies

¢ Criteriafor study exclusion:

The studies with the absence of Ct value, no case of fatality
rate, no data and follow-up procedure regarding laboratory
testing, and absence of epidemiologic parameter and a
representative of surveillance data were excluded from the
given study.

Study selection

The relevant studies were selected by initiating a search
strategy in two stages. Firstly, the articles with appropriate
topics were independently involved with the process of
screening using important keywords related to this study and
the necessary information was extracted. All available titles
and abstracts were identified and scanned by them for the
considered studies to meet the inclusion criteria. Second, full-
text articles were thoroughly investigated by the reviewers
independently. Papers that had cited these articles were also
identified through PubMed (https:// pubmed. ncbi. nlm. nih.
gov/),Cochrane Library (https://www.cochranelibrary.com/),
Embase(https://www.embase.com/login), Google Scholar
(https://scholar.google.com/), and Clinicaltrial.gov to identify
potentially relevant articles subsequent to primary research.
After study selection, any disagreements were mutually
discussed, and a consensus was made before the inclusion of
the study in this review.

Data extraction

Studies that fulfilled the inclusion criteria were processed for
data extraction. The primary focus of the review was the
analysis of surveillance data in the form of a Ct value-based
epidemiologic prognosis from where the cases can be
monitored to show the epidemiologic trends of the SARS-CoV-
2 virus. The secondary outcome included the epidemiologic
parameter and a representative of surveillance data for an
impact for reporting to the WHO. The extracted data included
the following study characteristics: the name of the first author,

year of publication, total number of participants (sample size),
analyzed Ct value, clinicopathological features, diagnosis
and laboratory testings, follow-up period, summary of the
analyzed result, and prognostic significance involved.

RESULTS AND DISCUSSION

This systematic review included 33 studies and analyzed
surveillance data in the form of a Ct value-based
epidemiologic course. In the present study, we explored the
case fatality rate of COVID-19 for showing epidemiologic
trends of the SARS-CoV-2 virus. Epidemiologic parameters
and a representative of surveillance data with an impact for
reporting to the WHO will be associated with the Ct value of RT.
It was seen in all the studies that the epidemiologic curve was
directly related to the case fatality rate and surveillance data
with an impact for reporting to the WHO regarding
epidemiologic trends of the SARS-CoV-2. COVID-19
surveillance has led a major impact on the health care system
and society. In order to justify the surveillance of COVID-19 for
monitoring longer-term epidemiologic trends and trends in
COVID-19 deaths, various studies have been screened out
showing variations in the Ct value by implicating the
laboratory testing which has been represented in the given
study.

Argyropoulos et al. (2020) have shown the correlation of initial
viral load among patients suffering from SARS-CoV-2 with
related outcomes and symptoms. The patients from the US
have been investigated for showing correlations between the
viral load of SARS-CoV-2 and related parameters involving
symptom severity, analysis of admission rate and discharge
rate of the patients, stay duration in hospitals, admission in
the ICUs, duration of the oxygen provided, and overall
survival from a tertiary care center among 205 patients in New
York City. Quantitative PCR was used for analyzing the viral
load from the patients' samples. The algorithms and
regression models revealed that the obtained viral load was
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found to be lower among hospitalized patients when
compared with non-hospitalized patients. Higher VL showed
a correlation with a shorter time from the symptoms'
occurrence in all patients and hospitalized patients only with
a shorter hospital stay. The results revealed a higher shedding
risk among less symptomatic patients. Further, the association
between VL with patients having a history of cancer has been
revealed.

Aron et al. (2020) have shown presymptomatic infection of
SARS-CoV-2 with its transmission among skilled nursing
facilities. Two serial point-prevalence surveys were done
among the residents undergoing nasopharyngeal and
oropharyngeal testing for SARS-CoV-2. RT-PCR was used for
analyzing the viral culture and symptoms from 14 days of
infection were recorded. Asymptomatic residents were tested
positive and were again tested after 7 days. Residents with
SARS-CoV-2 infection were categorized as symptomatic with
typical symptoms of cough and cold along with shortness of
breath with only atypical symptoms. The Ct value of the viral
culture showed that the median Ct value for presymptomatic
residents was 23.1. A 26% mortality rate was observed. Hence,
the rapid spread of SARS-CoV-2 infection was seen among the
residents from nursing facilities.

Azzi et al. (2020) have used saliva as a reliable tool for
detecting SARS-CoV-2 strain. The saliva of infected patients
suffering from COVID-19 was taken for analysis through RT-
PCR and the analyzed results were compared with their
clinical and laboratory data. A positive report in saliva and
correlation of clinical data and the cycle threshold as a
semiquantitative indicator of viral load was considered. All
the patients showed positive results and among all, only two
patients showed positive salivary results on the same days
when their pharyngeal or respiratory swabs showed
conversion. Hence, this result reveals that COVID-19
diagnosis cannot be limited to only qualitative detection, but
is also involved in providing relevant information regarding
the clinical disease among the patients.

Bullard et al. (2020) have aimed for the prediction of SARS-
CoV-2 infection rate from the diagnostic samples. The
respiratory samples from the patients of COVID-19 were taken
within 8 days of the occurrence of symptoms and RT-PCR
laboratory testing was conducted that resulted in the Ct value
= 24. This Ct value revealed that the patients lacked the
infection rate of SARS-CoV-2 in the clinical and community
perspectives.

Calle et al. (2020) have revealed the impact of viral load
during the admission of patients with COVID-19 with
respiratory failure in the hospitals. Nasopharyngeal samples
of the infected patients were used for the analysis of RT-PCR.
The obtained Ct value among patients during admission was
found as high viral load (Ct < 25), intermediate viral load (Ct:
25-30), and low viral load (Ct > 30). Age, gender, sex,
comorbidities, and laboratory markers were used for
analyzing the cause of respiratory failure. The results
revealed that a Ctvalue < 25 was associated with a higher risk
of respiratory failure during admission. Hence, the prediction
concerning respiratory failure among COVID-19 patients can
be measured by assessing the viral load with Ct value during
admission in hospitals.

Chen et al. (2020) aimed for showing the association of SARS-
CoV-2 viral load (RNAaemia) with the interleukin 6 (IL-6) level
among critical cases of COVID-19 patients. The clinical and
laboratory data of critical COVID-19 patients were taken
along with the determination of serum viral load and IL-6
levels. The results revealed that RNAaemia was diagnosed
only in the critical COVID-19 patients which reflected the
severity of the disease. Also, the level of IL-6 increased among
critically ill COVID-19 patients. Hence, RNAaemia showed a
correlation with the increased IL-6 level among COVID-19
patients.

Choudhuri et al. (2020) revealed that the Ct value obtained
from RT-PCR analysis of SARS-CoV-2 during admission in the
hospitals associated with the mortality rate of the patients. The
results revealed that the mean Ct value during admission was
found to be high for the survivors when compared with the non-
survivors. Also, increased Ct was associated with the
decreased odds of in-hospital mortality.

Fa’ico-Filho et al. (2020) have analyzed the association of the
higher viral load of SARS-CoV-2 with the death rate. The viral
load of SARS-CoV-2 was analyzed using the Ct value
obtained by RT-PCR of nasopharyngeal swab samples. The
outcome of the patients and disease severity were compared.
The results showed severity as a mild disease for mild
disease, moderate for the hospitalized ones, and severe for
the ones being admitted to ICUs. The Ct values < 25 showed a
high viral load, which was associated with mortality among
hospitalized patients of COVID-19.

He et al. (2020) aimed for analyzing the temporal dynamics of
viral shedding and transmission rate of COVID-19. RT-PCR
reports of infected patients showed the highest viral load in
throat swabs at the time of symptom onset. The cases were
also found to show infection at the presymptomatic stage.

Huang et al. (2020) revealed the impact on health
consequences of patients with COVID-19 for a longer duration
who have been discharged from the hospital and identifying
the associated risk factors for a particular disease severity.
The results revealed that patients who survived from COVID-
19 were facing issues of muscle weakness, insomnia, and
anxiety or depression. The severely affected patients, during
their stay in the hospital, suffered from severely impaired
pulmonary diffusion capacities and abnormal chest imaging
manifestations and are the major targeted population who
need intervention for a longer period to recover from this
illness.

Huang et al. (2020) have shown chronological changes of viral
load among COVID-19 patients in Wuhan, China. Laboratory
and clinical data were used for analyzing the epidemiological
and clinical characteristics of the patients. The association
between serial viral loads and illness severity was
investigated. The results revealed that SARS-CoV-2 was at its
peak for 2-4 days after admitting the patient to the hospital
and later decreased after the treatment. The critically ill
patients showed high viral loads when compared with the
normal patients. The sputum showed a high viral load. Also,
the rate of respiratory tract samples was positive and higher
when compared with samples of the gastrointestinal tract. The
viral load was negatively associated with blood routine and
subsets of lymphocyte and was positively associated with
laboratory features of the cardiovascular system.

Kimball et al. (2020) analyzed the asymptomatic and
presymptomatic infections of SARS-CoV-2 among residents of
a long-term care-skilled nursing facility of King County,
Washington. Ct values have been used for detecting the rate of
infection among the patients. The lower Ct value represented
a high viral load. The typical symptoms include fever, cough,
and shortness of breath. The atypical symptoms include chills,
sore throat, increased confusion, nasal congestion, myalgia,
dizziness, headache, nausea, and diarrhea.

Lesho et al. (2020) aimed for analyzing the temporal, spatial,
and epidemiologic relationships of SARS-CoV-2 with the
determination of Ct value. The results have clearly implicated
that appropriate Ct values occurred during 9, 26, and 36 days
after the onset of the symptoms. The RNA positivity was not
influenced by race, gender, and corticosteroids. Initial Ct did not
correlate with arequirement for admission or intensive care.

Liu et al. (2020) aimed to analyze the correlation between
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dynamic changes in the nasopharyngeal viral load of patients
infected with the new coronavirus causing pneumonia and
lymphocyte count disease severity. The results have clearly
revealed that SARS-CoV-2 RNA load in the nasopharynx is
closely related to the severity of COVID-19. Also, Liu et al.
(2020) aimed for viral dynamics in mild and severe cases of
COVID-19.

Liu et al. (2020) analyzed 76 hospital admitted patients of
Nanchang, China. Severe cases were classified by
respiratory distress, oxygen saturation, ratio between partial
pressure of oxygen and fractional concentration of oxygen in
inspired air and severe disease complications, such as
respiratory failure, mechanical ventilation, and septic shock
or non-respiratory organ failure. The mean viral load of severe
cases was around 60 times higher than that of mild cases,
suggesting that higher viral loads might be associated with
severe clinical outcomes. Thus, the results implicated that
severe COVID-19 tends to have high viral load and a long
virus- shedding period.

Liu et al. (2020) analyzed the clinical, epidemiological,
laboratory, and radiological characteristics along with the
determination of the biomarkers for the prediction of disease
severity in 2019-nCoV-infected patients in Shenzhen, China.
The results have shown a positive correlation of viral load from
samples of the respiratory tract with the severity of lung
disease.

Magleby et al. (2020) analyzed the impact of the viral load of
SARS-CoV-2 concerning the mortality among hospitalized
patients of COVID-19. The characteristics of patients were
compared using Ct value with viral load assessment as low,
medium, and high. The results revealed that high viral load
was determined as per the age, comorbidities, smoking
status, and recent chemotherapy. The mortality rate was found
to be 35% with high viral load, 17.6% with medium viral load,
and 6.2% with low viral load. High viral load was
independently associated with mortality and intubation.

Pujadas et al. (2020) contributed toward the prediction of
mortality rate due to COVID-19 by assessing SARS-CoV-2
viral load. The results revealed that the variations in age, sex,
race, and related diagnosed diseases presented an
independent association between viral load and mortality.
Moreover, the difference in survival probability between high
viralload and low viral load was determined.

Raetal. (2020) analyzed the assessment of viral load of SARS-
CoV-2 infection from the upper respiratory tract among
asymptomatic and mildly symptomatic patients.
Questionnaire-based surveys in South Korea were used for
determining the presence of symptoms. The result revealed
that 36% of patients were asymptomatic and 64% of patients
were symptomatic. Asymptomatic and symptomatic patients
did not show significant differences in the mean Ct values.
Hence, it was clearly implicated that almost one-fifth of the
patients were asymptomatic without severe symptoms and
their viral loads were comparable with symptomatic patients.
More of the mildly symptomatic patients or asymptomatic
patients showed persistent positive upper respiratory RT-PCR
results during follow-up.

Ram-Mohan et al. (2020) analyzed the prediction of clinical
deterioration and extrapulmonary complications from
RNAaemia of SARS-CoV-2. Quantitative (qPCR) and digital
(dPCR) PCR were used to quantify SARS-CoV-2 RNA from
nasopharyngeal swabs of the affected patients. The patient
symptoms, laboratory markers, and clinical outcomes, and
oxygen requirements over time were determined. The role of
BRNAaemia in predicting clinical severity was also
characterized. The results revealed that 23% of the patients
had viral RNA detected in plasma by dPCR when compared to
1-4% by gPCR. The RNAaemic patients had more chances of

gaining disease severity. Hence, dPCR was more sensitive
than gPCR for the detection of SARS-CoV-2 RNAaemia.

Salvatore et al. (2020) aimed at the epidemiological
correlation of the Ct value using RT-PCR for detecting SARS-
CoV-2.In order to study the relationship between the Ct values
of viral RNA, demographic, clinical, and epidemiological
characteristics were collected and analyzed. The results
revealed that alow Ct value was determined after the onset of
symptoms. Low Ct value was found among the patients within
the age group of 18 years and those having upper respiratory
symptoms. A high Ct value was found among patients with no

symptoms.

Schwierzeck et al. (2020) aimed for determining the first
nosocomial outbreak of SARS-CoV-2 among pediatric
dialysis units. Epidemiological links were analyzed by patient
interviews and chart reviews. Ct values of all positive cases
were compared between symptomatic and asymptomatic
cases. The results revealed a low Ct value among typical
cases of COVID-19 representing high viral shedding.

Scola et al. (2020) aimed to detect viral load among
discharged patients of COVID-19 from infectious disease
wards. The results revealed that Ct value above 33-34 using
our RT-PCR system and can be discharged from hospital care
with strict confinement for non-hospitalized patients.

Shi et al. (2020) showed the correlation of viral load with serum
biomarkers among COVID-19 cases. The SARS-CoV-2 viral
loads from the pharyngeal swab, IgM anti-SARS-CoV-2, CRR
and serum amyloid A (SAA) from the serum of COVID-19
patients were measured on admission. The viral loads among
positive IgM patients showed different trends among cases
with different severity while IgM negative patients showed an
increase in cases as per time and occurrence of symptoms.

Shlomai et al. (2020) analyzed the prediction of hypoxemia
and disease outcome in admitted patients with COVID-19
from the nasopharyngeal viral load. Ct value of the admitted
patients was correlated with the patients' clinical parameters.
The age of the patients was correlated with the viral load. High
viral load was found among the non-survivors and
mechanically ventilated patients when compared to surviving
non-intubated patients. Low viral load was independently
associated with reduced risk for mechanical ventilation and
mortality.

To et al. (2020) analyzed the serial respiratory viral load of
SARS-CoV-2 in posterior oropharyngeal (deep throat) saliva
samples from patients with COVID-19, and serum antibody
responses. The results revealed that patients with COVID-19
had the highest viral load which accounted for the fast-
spreading nature of this epidemic.

Trunfio et al. (2020) aimed for predicting the disease severity,
survival, and six-month sequelae among symptomatic
patients of COVID-19 by a diagnosis of SARS-CoV-2 by Ct
value. The results revealed that even after controlling the
SARS-CoV-2 virus, Ct value was still associated with COVID-
19-related death, disease severity, number of signs, and
symptoms.

Westblade et al. (2020) aimed at predicting the mortality of
patients with or without cancer among hospitalized patients
with COVID-19 being assessed by viralload. The results found
that the mortality rate in hospitals was 38.8% among patients
with high viral load, 24.1% among patients with a medium
viral load, and 15.3% among patients with a low viral load.
Patients with hematologic malignancies had higher median
viral loads when compared with patients without cancer.

Xia et al. (2020) analyzed the epidemiological and initial
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clinical characteristics of patients with family aggregation of
COVID-19. Initial examination results of lower CD4+
lymphocyte counts and RT-PCR-CT values coupled with higher
NLR may indicate the severity of COVID-19 infection for these
family clusters.

Yu et al. (2020) aimed for analyzing the viral load of SARS-
CoV-2 in sputum that shows association with the risk of
COVID-19 progression. The results revealed that the viral load
of the sputum in the lower respiratory tract tested at baseline
was closely related to the severity of COVID-19. High viral load
shows more severity toward COVID-19. Hence, antiviral
treatment can reduce the risk of progression of mortality
among patients with COVID-19.

Yuan et al. (2020) aimed for assessing viral load in the throat
and anal swabs among infected children with COVID-19. The
results revealed a significant difference and weak positive
consistency among pediatric patients. Also, the viral loads
from throats and anal swabs represented no significant
difference and correlation.

Zheng et al. (2020) aimed at analyzing the dynamics of viral
load and disease severity among patients who were infected
from Zhejiang, China. The results of the Ct value revealed that
the median duration of the virus in the respiratory samples of
patients with severe disease was significantly longer than in
patients with a mild disease. Virus duration was longer in
patients older than 60 years and in patients who were male.

Zou et al. (2020) aimed at analyzing the viral load of SARS-
CoV-2in the upper respiratory specimens of patients who were
infected. The result revealed a high viral load after symptom
onset, with higher viral loads detected in the nose than in the
throat. The viral load that was detected in the asymptomatic
patient was similar to that in the patients with symptoms,
which suggests the transmission potential of patients who
were asymptomatic or minimally symptomatic.

CONCLUSIONS

The present study has followed a systematic literature review
for analyzing the Ct value-based epidemic swing and to
monitor long-term epidemiologic trends of the SARS-CoV-2
virus. All 33 studies reviewed have shown the analysis of Ct
value by detecting the viral load through RT-PCR using the
nasopharyngeal swabs as samples. Correlations between the
viral load of SARS-CoV-2 and related parameters of the
patients who were infected admitted in hospitals have been
implicated in the study. Most of the studies showed that a
higher viral load was found among patients who were
critically ill during COVID-19 that further increased the
mortality rate in the hospitals. Additionally, the detection of
sputum for analyzing the viral load has been observed to be
high in most cases. The low Ct value represents a high viral
load, indicating that the patient is more prone toward the
infection. The viral load among the patients showed variations
as per age, gender, sex, comorbidities, and other related
parameters like clinical, laboratory, radiological variables.
Hence, the high viral load of SARS-CoV-2 showed an
independent association with the mortality rate of patients
with COVID-19. Hence, the discussed epidemiologic
parameter and surveillance data mentioned in the above
studies have a major impact on reporting to WHO for the
control and prevention of the COVID-19 pandemic. Ct value-
based segregation along with contact tracing is expected to
be a useful measure for an early flattening of epidemic curve,
which will consequently help in better utilization of preventive
and curative resources and reducing death rates. The above
studies have also shown the analysis of viral load among
healthcare workers and the results have clearly implicated
that the transmission rate of the virus entirely depends upon
the Ct value and the healthcare workers are getting infected
due to direct contact while treating the patients with COVID-
19. Hence, apart from diagnostic methods CT value based,

isolation and quarantine are also preventive measures to
control the transmission of the virus. In future the local and
state officials can enact public health policies to foresee a
pandemic surge and thereby suggest changes to existing
interventions.

DECLARATIONS

Acknowledgement:

Dr. Kamalesh Sarkar,Director of ICMR-National Institute of
Occupational Health,Ahmedabad, India.

Prof.(Dr.) Arup Ratan Bandopadhyay, Professor of Biological
Anthropology, University of Calcutta,India.

Disclosures

AMS: conceptualization of the study, literature search,
preparation of the first draft and critical revision of the
manuscript; DC: conceptualization of the study, critical
revision of the manuscript; and BS: interpretation, critical
revision of the study.

Funding

Financial assistance was received from UPE 2, while a
research grant and teachers' research grant were received
from the University of Calcutta.

Ethical guidelines

This article is based on previously conducted studies and
does not contain any studies with humans or animals
performed by any of the authors.

Editorial assistance
Enago (www.enago.com) contributed in the English language
review and provided editorial assistance for this paper.

REFERENCES:

[11 Tang, Y. W, Schmitz, J. E., Persing, D. H., and Stratton, C. W. (2020),
"Laboratory diagnosis of COVID-19: current issues and challenges.” Journal
of Clinical Microbiology, 58, 10-1128.

[2] Granados, A., Peci, A., McGeer, A., and Gubbay, J. B. (2017), “Influenza and
rhinovirus viral load and disease severity in upper respiratory tract
infections.” Journal of Clinical Virology, 86, 14-19.

[3]1 Li, C.C. Wang, L., Eng, H. L., You, H. L., Chang, L. S., Tang, K. S., Lin Y.]., Kuo,
H.C, Lee, I.K,, Liu, J. W. Huang, E. Y., and Yang, K. D. (2010), “Correlation of
pandemic (HIN1) 2009 viral load with disease severity and prolonged viral
shedding in children.” Emerging Infectious Diseases, 16, 1265-1272.

[4] Magleby, R., Westblade, L. F, Trzebucki, A., Simon, M. S., Rajan, M., Park, J.,
Goyal, P, Safford, M. M., and Satlin, M. J. (2020), Impact of SARS-CoV-2 viral
load on risk of intubation and mortality among hospitalized patients with
coronavirus disease 2019. Clinical Infectious Diseases.

[5] Pujadas, E., Chaudhry, E, McBride, R., Richter, F, Zhao, S., Wajnberg, A.,
Nadkarni, G., Glicksberg, B. S., Houldsworth, ]., and Cordon-Cardo, C.
(2020), "SARS-CoV-2 viral load predicts COVID-19 mortality.” The Lancet
Respiratory Medicine, 8, €70.

[6] vonKleist, M., Ruehe, B., Oh, D], Nitsche, A., Haas, W., Stoliaroff-Pépin, A.,and
Wieler, LH (2020), COVIDStrategyCalculator: A standalone software to
assess testing- and quarantine strategies for incoming travelers, contact
person management and de-isolation. medRxiv 2020.11.18.20233825

[7]1 Bullard,]., Dust, K., Funk, D., Strong, J. E., Alexander, D., Garnett, L., Boodman,
C., Bello, A., Hedley, A., Schiffman, Z., Doan, K., Bastien, N., Li, Y., Van
Caeseele, P G., and Poliquin, G. (2020), “Predicting infectious severe acute
respiratory syndrome coronavirus 2 from diagnostic samples.” Clinical
Infectious Diseases, 71, 2663-2666.

[8] Young, B.E., Ong, S. W, Ng, L. E, Anderson, D. E., Chia, W.N., Chia, P Y., and
Lye, D. C. (2020), “Viral dynamics and immune correlates of COVID-19
disease severity. Clinical Infectious Diseases.

[9] Walfel, R., Corman, V. M., Guggemos, W., Seilmaier, M., Zange, S., Miiller, M.
A., Niemeyer, D., Jones, T. C., Vollmar, P, Rothe, C., Hoelscher, M., Bleicker, T.,
Briinink, S., Schneider, J., Ehmann, R., Zwirglmaier, K., Drosten, C., and
Wendtner, C. (2020), "Virological assessment of hospitalized cases of
coronavirus disease.” Nature, 581, 465-469.

[10] Singanayagam, A., Patel, M., Charlett, A., Bernal, J. L., Saliba, V., Ellis, J.,
Ladhani, S., Zambon, M., and Gopal, R. (2020), “Duration of infectiousness
and correlation with RT-PCR cycle threshold values in cases of COVID-19,
England, January to May 2020." Eurosurveillance, 25, 2001483.

[11] Kimball, A., Hatfield, K. M., Arons, M., James, A., Taylor, ]., Spicer, K.,
Bardossy, A. C., Oakley, L. P, Tanwar, S., Chisty, Z., Bell, ]. M., Methner, M.,
Harney, J., Jacobs, ]. R., Carlson, C. M., McLaughlin, H. P, Stone, N., Clark, S.,
Brostrom-Smith, C., and Zane, S. (2020), "Asymptomatic and presymptomatic
SARS-CoV-2 infections in residents of a long-term care skilled nursing
facility—King County, Washington, March 2020.” Morbidity and Mortality
‘Weekly Report, 69, 377-381.

[12] Ade, C., Pum, ]., Abele, 1., Raggub, L., Bockmiihl, D., and Zéllner, B. (2021),
Analysis of cycle threshold values in SARS-CoV-2-PCR in a long-term study.
Journal of Clinical Virology, 138, 104791.

[13] Argyropoulos, K. V., Serrano, A., Huy, J., Black, M., Feng, X., Shen, G., Call, M.,

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 29



VOLUME - 10, ISSUE - 12, DECEMBER - 2021 * PRINT ISSN No. 2277 - 8160 * DOI : 10.36106/gjra

[14]

[15]

[16]

[171

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[271

[28]

[29]

[301

[31]

[32]

[33]

[34]

[35]

Kim, M. J., Lytle, A., Belovarac, B., Vougiouklakis, T., Lin, L. H., Moran, U.,
Heguy, A., Troxel, A., Snuderl, M., Osman, 1., Cotzia, P, and Jour, G. (2020),
"Association of initial viral load in severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) patients with outcome and symptoms.” The
AmericanJournal of Pathology, 190, 1881-1887.

Arons, M. M., Hatfield, K. M., Reddy, S. C., Kimbadll, A., James, A., Jacobs, J. R.,
Taylor, J., Spicer, K., Bardossy, A. C., Oakley, L. P, Tanwar, S., Dyal, J. W,
Harney, J., Chisty, Z., Bell, ]. M., Methner, M., Paul, P, Carlson, C. M.,
McLaughlin, H. P, and Jernigan, J. A. (2020), “Presymptomatic SARS-CoV-2
infections and transmission in a skilled nursing facility.” New England Journal
of Medicine, 382, 2081-2090.

Azzi, L., Carcano, G., Gianfagna, E, Grossi, P, Dalla Gasperina, D. D.,
Genoni, A., Fasano, M., Sessa, F, Tettamanti, L., Carinci, F,, Maurino, V., Rossi,
A., Tagliabue, A., and Baj, A. (2020), “Saliva is a reliable tool to detect SARS-
CoV-2."Journal of Infection, 81, e45-e50.

Bullard, J., Dust, K., Funk, D., Strong, J. E., Alexander, D., Garnett, L., Boodman,
C., Bello, A., Hedley, A., Schiffman, Z., Doan, K., Bastien, N., Li, Y., Van
Caeseele, P G., and Poliquin, G. (2020), “Predicting infectious severe acute
respiratory syndrome coronavirus 2 from diagnostic samples.” Clinical
Infectious Diseases, 71, 2663-2666.

de la Calle, C., Lalueza, A., Manchefno-Losa, M., Maestro-de la Calle, G.,
Lora-Tamayo, J., Arrietq, E., Garcia-Reyne, A., Losada, 1., de Miguel, B., Diaz-
Simén, R., Lépez-Medrano, F, Ferndndez-Ruiz, M., Carretero, O., San Juan,
R.,Aguado,]. M., and Lumbreras, C. (2021), “Impact of viral load at admission
on the development of respiratory failure in hospitalized patients with SARS-
CoV-2 infection.” European Journal of Clinical Microbiology and Infectious
Diseases, 40, 1209-1216.

Chen, X., Zhao, B., Qu, Y., Chen, Y., Xiong, J., Feng, Y., and Li, F (2020),
"Detectable serum SARS-CoV-2 viral load (RNAaemia) is closely correlated
with drastically elevated interleukin 6 (IL-6) level in critically ill COVID-19
patients.” Clinical Infectious Diseases.

Choudhuri, J., Carter, J., Nelson, R., Skalina, K., Osterbur-Badhey, M.,
Johnston, A., Goldstein, D., Paroder, M., and Szymanski, J. (2020), “SARS-CoV-
2 PCR cycle threshold at hospital admission associated with patient
mortality.” PLOS ONE, 15, e0244777.

Faico-Filho, K. S., Passarelli, V. C., and Bellei, N. (2020), “Is higher viral load in
SARS-CoV-2 associated with death?” The American Journal of Tropical
Medicine and Hygiene, 103, 2019-2021.

He, X., Lau, E. H., Wu, P, Deng, X., Wang, J., Hao, X., Lau, Y. C., Wong, J. Y.,
Guan, Y., Tan, X., Mo, X., Chen, Y., Liao, B., Chen, W,, Hu, E,, Zhang, Q., Zhong,
M., Wu, Y., Zhao, L., and Leung, G. M. (2020), “Temporal dynamics in viral
shedding and transmissibility of COVID-19."” Nature Medicine, 26, 672-675.
Huang, C., Huang, L., Wang, Y., Li, X., Ren, L., Gu, X., Kang, L., Guo, L., Liu, M.,
Zhou, X., Luo, J., Huang, Z., Tu, S., Zhao, Y., Chen, L., Xu, D., L, Y, Li, C., Peng,
L., and Cao, B. (2021), “"6-month consequences of COVID-19 in patients
discharged from hospital: a cohort study.” The Lancet, 391, 220-232.

Huang, J. T., Ran, R.X., Ly, Z. H., Feng, L. N., Ran, C. Y, Tong, Y. Q., Li, D., Su, H.
W., Zhu, C. L., Qiu, S. L., Yang, J., Xiao, M. Y,, Liu, M. ]., Yang, Y. T, Liu, S. M.,
and Li, Y. (2020), “Chronological changes of viral shedding in adult inpatients
with COVID-19 in Wuhan, China.” Clinical Infectious Diseases, 71, 2158-2166.
Lesho, E., Reno, L., Newhart, D., Clifford, R., Vasylyeva, O., Hanna, J., Yu, S.,
Bress, J., and Walsh, E. (2020), “Temporal, spatial, and epidemiologic
relationships of SARS-CoV-2 gene cycle thresholds: a pragmatic ambi-
directional observation.” Clinical Infectious Diseases: An Official Publication
of the Infectious Diseases Society of America, 79, e3133-3135.

Liu, Y., Lico, W,, Wan, L., Xiang, T, and Zhang, W. (2021), “Correlation
between relative nasopharyngeal virus RNA load and lymphocyte count
disease severity in patients with COVID-19."” Viral Immunology, 34, 330-335.
Liu, Y., Yan, L. M., Wan, L., Xiang, T. X, Le, A,, Liu, J. M., Peiris, M., Poon, L. L. M.,
and Zhang, W. (2020), “Viral dynamics in mild and severe cases of COVID-
19.” The Lancet, Infectious Diseases, 20, 656-657.

Liu, Y., Yang, Y., Zhang, C., Huang, E, Wang, F, Yuan, J., Wang, Z., Li, J., L, J.,
Feng, C., Zhang, Z., Wang, L., Peng, L., Chen, L., Qin, Y., Zhao, D., Tan, S., Yin,
L., Xu, J., and Liu, L. (2020), “Clinical and biochemical indexes from 2019-
nCoV infected patients linked to viral loads and lung injury.” Science China
Life Sciences, 63, 364-374.

Magleby, R., Westblade, L. E, Trzebucki, A., Simon, M. S., Rajan, M., Park, J.,
Goyal, P, Safford, M. M., and Satlin, M.]. (2020), “Impact of SARS-CoV-2 viral
load on risk of intubation and mortality among hospitalized patients with
coronavirus disease 2019.” Clinical Infectious Diseases.

Ra, S.H., Lim,]. S., Kim, G. U., Kim, M.]., Jung, J., and Kim, S. H. (2021), “Upper
respiratory viral load in asymptomatic individuals and mildly symptomatic
patients with SARS-CoV-2 infection.” Thorax, 76, 61-63.

Ram-Mohan, N.,Kim, D., Zudock, E.]., Hashemi, M. M., Tjandra, K. C., Rogers,
A.].,Blish, C. A.,Nadeau, K. C., Newberry, J. A., Quinn, J. V., OHaraq, R., Ashley,
E., Nguyen, H., Jiang, L., Hung, P, Stanford COVID-19 Biobank Study Group,
Blomkalns, A. L., and Yang, S. (2020), “"SARS-CoV-2 RNAaemia predicts
clinical deterioration and extrapulmonary complications from COVID-19.”
medRxiv: The Preprint Server for Health Sciences.

Salvatore, P B, Dawson, B, Wadhwa, A., Rabold, E. M., Buono, S., Dietrich, E.
A. Reses, H.E., Vuong, ]., Pawloski, L., Dasu, T., Bhattacharyya, S., Pevzner, E.,
Hall, A.]., Tate, ]. E., and Kirking, H. L. (2020), “"Epidemiological correlates of
PCR cycle threshold values in the detection of SARS-CoV-2.” Clinical
Infectious Diseases: An Official Publication of the Infectious Diseases Society
of America.

Schwierzeck, V., Kénig, J. C., Kuhn, J., Mellmann, A., Correa-Martinez, C. L.,
Omran, H., Konrad, M., Kaiser, T., and Kampmeier, S. (2021), “First reported
nosocomial outbreak of severe acute respiratory syndrome coronavirus 2 in a
Pediatric Dialysis Unit. Clinical Infectious Diseases, 72, 265-270.

La Scola, B., Le Bideau, M., Andreani, J., Hoang, V. T., Grimaldier, C., Colson,
P, Gautret, P, and Raoult, D. (2020), "Viral RNA load as determined by cell
culture as a management tool for discharge of SARS-CoV-2 patients from
infectious disease wards.” European Journal of Clinical Microbiology and
Infectious Diseases, 39, 1059-1061.

Shi, E, Wu, T., Zhu, X, Ge, Y., Zeng, X., Chi, Y., Dy, X,, Zhu, L., Zhu, E, Zhu, B,,
Cui, L., and Wu, B. (2020), "Association of viral load with serum biomakers
among COVID-19 cases.” Virology, 546, 122-126.

Shlomai, A., Ben-Zvi, H., Bendersky, A. G., Shafran, N., Goldberg, E., and

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Sklan, E. H. (2020), “Nasopharyngeal viral load predicts hypoxemia and
disease outcome in admitted COVID-19 patients.” Critical Care, 24, 1-3.

To, K. K. W, Tsang, O. T. Y., Leung, W. S., Tam, A.R., Wu, T. C., Lung, D. C., Yip,
C.C.,Cai,].P, Chan,]. M., Chik, T. S., Lau, D. R, Choi, C. Y., Chen, L. L., Chan,
W. M., Chan, K. H., Ip, J. D., Ng, A. C., Poon, R. W,, Luo, C. T., and Yuen, K. Y.
(2020), “Temporal profiles of viral load in posterior oropharyngeal saliva
samples and serum antibody responses during infection by SARS-CoV-2: an
observational cohort study.” The Lancet Infectious Diseases, 20, 565-574.
Trunfio, M., Venuti, E, Alladio, F, Longo, B. M., Burdino, E., Cerutti, F,, Ghisetti,
V., Bertucci, R., Picco, C., Bonora, S., Di Perri, G., and Calcagno, A. (2021),
"Diagnostic SARS-CoV-2 cycle threshold value predicts disease severity,
survival, and six-month sequelae in COVID-19 symptomatic patients.”
Viruses, 13, 281.

Westblade, L. E, Brar, G., Pinheiro, L. C., Paidoussis, D., Rajan, M., Martin, P,
Goyal, P, Sepulveda, J. L., Zhang, L., George, G., Liu, D., Whittier, S., Plate, M.,
Small, C.B., Rand, J. H., Cushing, M. M., Walsh, T.]., Cooke, J., Safford, M. M.,
and Satlin, M. J. (2020), “"SARS-CoV-2 viral load predicts mortality in patients
with and without cancer who are hospitalized with COVID-19.” Cancer Cell,
38,661-671.

Xia, X. Y., Wu, J., Liu, H. L., Xia, H., Jia, B., and Huang, W. X. (2020),
"Epidemiological and initial clinical characteristics of patients with family
aggregation of COVID-19.” Journal of Clinical Virology, 127, 104360.

Yu, X., Sun, S., Shi, Y., Wang, H., Zhao, R., and Sheng, J. (2020), “SARS-CoV-2
viral load in sputum correlates with risk of COVID-19 progression.” Critical
Care, 24, 170.

Yuan, C., Zhu, H., Yang, Y., Cai, X., Xiang, F, Wu, H., Yao, C., Xiang, Y., and
Xiao, H. (2020), “Viral loads in throat and anal swabs in children infected with
SARS-CoV-2."” Emerging Microbes and Infections, 9, 1233-1237.

Zheng, S., Fan, J., Yu, E, Feng, B., Lou, B., Zou, Q., Xie, G., Lin, S., Wang, R.,
Yang, X., Chen, W,, Wang, Q., Zhang, D., Liu, Y., Gong, R., Ma, Z., Ly, S., Xiao,
Y., Gu, Y., and Liang, T. (2020), “Viral load dynamics and disease severity in
patients infected with SARS-CoV-2 in Zhejiang province, China, January-
March 2020: retrospective cohort study.” BMJ, 369.

Zou, L., Ruan, E, Huang, M., Liang, L., Huang, H., Hong, Z., Yu, J., Kang, M.,
Song, Y., Xiqa,]., Guo, Q., Song, T., He, ]., Yen, H. L., Peiris, M., and W, J. (2020),
"SARS-CoV-2 viral load in upper respiratory specimens of infected patients.”
New England Journal of Medicine, 382, 1177-1179.

30 = GJRA - GLOBAL JOURNAL FOR RESEARCH ANALY SIS



