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Background: Transmission dynamics of the infectious disease Corona Virus Disease - 19 (COVID-19) is yet to be understood fully. The study
aimed at exploring whether quantitative viral load of COVID-19-infected case indicated by cycle threshold (Ct) value of real-time reverse
transcription polymerase chain reaction could predict about transmission pattern in the community. Materials and Methods: An observational
study was conducted involving 1976 individuals, suspected to be suffering from COVID-19 and contacts, of laboratory confirmed cases from
selected districts of Gujarat, India. A total of 138 persons were detected to be positive. Weekly positivity showed an overall increasing trend
during the studied weeks. It was observed that only 7% had high, 9% as moderate and rest, 84% had low viral load based on Ct values of
real-time RT-PCR. Results: Most secondary cases clustered around index cases with high viral load whereas fewer secondary cases clustered
around index cases with low viral load. Each index high viral load case transmitted an average of 6.25 secondary cases whereas the same of low
viral load transmitted an average of 0.8 case. Conclusion: If cases with higher viral load are selectively isolated on detection from the rest of the
community along with contact tracing of all individuals, who came in contact with them during the previous 5 days, the quantum of transmission
will reduce subsequently. Moreover, health-care workers often get infected while working, probably due to the fact that they often handle cases
with higher viral load. The Ct value of all may be provided along with test report to safeguard everybody’s health including health-care workers.
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been defined as the average number of secondary cases of an
infectious disease that one case would generate in a completely
susceptible population.[’! Estimated basic reproductive number
of COVID-19, declared by the WHO (dated January 23, 2020)
ranges within 1.4-2.5."" A recent review by Liu et al. found
the average R, to be 3.28 and median to be 2.79, which exceed
the WHO estimates.™ It was observed in SARS that a few

INTRODUCTION

India is facing a continuous ascent of the COVID-19 epidemic
curve since March 2020 till date. Often there is an argument
that India’s scenario is much better as the number of new
infections is less, the number of deaths also is less compared to
that of the western world. There is need to explore the factors
underpinning these variations such as universal BCG/OPV
vaccination and chloroquine exposure. ! Address for correspondence: Dr. Kamalesh Sarkar,
ICMR-National Institute of Occupational Health, Meghani Nagar,

Ahmedabad - 380 016, Gujarat, India.

E-mail: kamalesh.sarkar@gmail.com

COVID-19 is anewly discovered coronavirus which represents
the third coronavirus-associated epidemic to emerge from a
species leap from wild animals to humans, after severe acute
respiratory syndrome (SARS) in 2003, and the Middle East
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Respiratory Syndrome (MERS) in 2012.5 Transmission
dynamics of COVID-19 are yet to be understood fully. R, has
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of the infected people in the community spread most of the
infection, whereas most people, although infected, spread it
to few people.l*1¢!

In addition to R, scientists use a value called dispersion
factor (K), a number indicating the likelihood that a particular
disease will spread in clusters.!'” Lower is the K value, more is
the transmission that occurs from a small number of people. In
2005, an article in nature estimated that SARS had a K value
0f 0.16.1 In a recent publication, K value for COVID-19 was
estimated to be as low as 0.1;" suggesting that probably about
10% of the cases would spread about 80% of the cases. In view
of the above, the current study was conducted to assess the
distribution of viral loads among infected cases and whether
viral load of COVID-19-infected case indicated by cycle
threshold (Ct) value of reverse transcription polymerase chain
reaction (RT-PCR) could predict about transmission pattern in
the community apart from population mobility and its density.

MareriaLs AND METHODS

Sample collection

The government body had identified certain certified
COVID laboratories to diagnose COVID-19 around
India. The Indian Council of Medical Research-National
Institute of Occupational Health (ICMR-NIOH) was one
among the certified centers to execute COVID-19 tests for
confirmation and diagnosis. A total of 1976 nasopharyngeal
and oropharyngeal swab samples suspected of COVID-19 from
Mabhisagar and adjacent regions of Gujarat state were provided
at ICMR-NIOH by the concerned government health officials
during April 2020-May 2020. The samples were collected
according to standard procedures and transported using viral
transport medium, and accompanied with minimal relevant
details such as contact number of the suspected individual,
date, and site of sample collection.

Sample analysis

The tests were done by the real-time RT-PCR using standard
protocol given by the manufacturer under Principles and
Procedure used in laboratory:!"”! The real-time fluorescent
RT-PCR Kit for Detecting SARS-CoV-2 is a real-time
RT-PCR (rRT-PCR) test (BGI Real-Time Fluorescent RT-PCR
kit, BGI Biotechnology Co. Ltd, China). The SARS-CoV-2
primer and probe set (s) is designed to detect RNA from
the SARS-CoV-2 in the samples. The real-time fluorescent
RT-PCR Kit selects a specific target region in the ORFlab
region of SARS-CoV-2 genome. Further, human housekeeping
gene [3-Actin was worked as the target gene for the internal
control. Viral load is considered as an important determinant
for transmission and infectiousness of a viral disease from
one to other. Here, Ct values were considered as indicator
for assessing viral load, which is inversely proportional to
the amount of nucleic acid present in a sample.**?"! Lower Ct
values indicate high amounts of targeted nucleic acid, while
higher Ct values mean lower (and even too little) amounts of
the target nucleic acid. Ct values of all positive samples were

noted and categorized as high, medium, and low viral loaded
infection as per the NIOH working definition for assessment.

Ct values of the positive samples available from RT-PCR
were used for quantifying viral load present in the sample.
As an explorative initial approach the Ct values were equally
divided into three parts, hence for the purpose of working
definition whole range Ct values (within positivity range) were
categorized as “high viral load,” “moderate viral load” and “low
viral load.” Ct values 17 to <24, 24 to <31, and 31 to 38 were,
respectively, categorized as high, moderate, and low viral load.

Secondary case detection

The individuals tested COVID-19 positive, among the received
swab samples were contacted via phone. The approximate date
of onset of symptom/sample collection (for asymptomatic) and
their geographical proximity with the other COVID-19-positive
cases were enquired. Secondary cases were identified based
on the date of swab collection (among asymptomatic)/
development of symptoms (among symptomatic) and the
proximity to the nearest COVID-19-positive patient. An
individual having tested positive for COVID-19 within the
longest incubation period of contacting the COVID-19-positive
patient (index case) was regarded as secondary case for the
current study. The study was approved both by the Scientific
Advisory Committee as well as Institute Ethics Committee
prior to initiation of this study.

ResuLts

One thousand nine-hundred and seventy-six naso and
oropharyngeal swab samples collected from residents of
talukas within and adjacent to Mahisagar district, Gujarat state
were processed and of them, 138 samples were detected to be
COVID-19 positive with an overall positivity rate of ~7%.
Figure 1 shows its week-wise distribution of tested persons
along with positive cases. It is evident that there is an increasing
trend of COVID-19 infection over the weeks at the studied
districts as shown in Figure 2 (dotted line), which is similar
to many other places in India.

Our study identified 10 (7%) individuals with high viral as per
the working definition of this manuscript (Ct values between
17 and <24), while 9% (n = 12) had moderate viral load and
remainder 84% (n = 116) had low viral load based on Ct values.

Weekly distribution of infected cases with their viral loads
were analyzed, which also showed most infected people were
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Figure 1: Weekly distribution of COVID-19 samples tested (blue) and
positive cases (red)
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with low viral load and very few were with high and moderate
viral loads in the studied weeks. Secondary cases of an index
case that develops within the longest incubation period from
the occurrence of index case is considered as a valid measure
of infectiousness or transmissibility of an infectious disease.
It was observed that clustering with several cases occurred
around the cases with high viral load in the community
whereas very few cases were with that of low viral load.
Attempt was made to estimate the secondary infection out of
each infected (index) case with high as well as low viral load.
We found 8 cases with high viral load who are index cases
and there were 50 secondary cases. Similarly, 9 secondary
cases were detected out of 11 index cases with low viral load
as shown in Table 1. Table 1 shows that each high viral load
case transmits 6.25 cases whereas each low load case transmits
only 0.8 person. Hence, it may be said that transmission is
almost 8 times higher in case of high load case compared to
low viral load case.

Discussion

Analyzing SARS transmission and other infectious disease
outbreaks, epidemiologists have found marked heterogeneity
in transmission of infectious disease agents where a small
fraction of infected patients, “the super spreaders” were
observed to contribute to most of the disease transmission
events. Rule 20/80, a concept developed through observational
and modeling studies have profound implications for infection
control which states that 20% of the individuals within any
given population are thought to contribute at least 80% of
the transmission potential of a pathogen.”? Predicting and
identifying super-spreaders offer significant advantages for
infectious disease management and pandemic preparedness
plan. Super-spreading events were documented in many
infectious diseases such as typhoid, tuberculosis, measles,
Ebola hemorrhagic fever, HIV and SARs.[!323-281

The observation made in this study primarily focuses on what
makes an infected case as super spreaders for COVID-19
transmission in the community and a possible marker towards
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Figure 2: Weekly trend of COVID-19 infection at the selected district

that. Viral load of an infected person at an initial stage (at
the time of sample collection) reflects how well a virus is
replicating in an infected person which might be an important
determining factor for disease transmission in the community
apart from population density and its mobility. It has been
reported earlier that with reduction in HIV viral load among
HIV-infected patients, there are reduced risk of perinatal® and
sexual transmission of the virus.*% Another study on healthy
volunteers at the National Institutes of Health Clinical Center,
USA in 2015 showed that the higher the doses of influenza virus
given to healthy volunteers, the worse were their symptoms.>!!

Earlier, researchers from the Méditerranée Infection University
Hospital Institute in Marseille, France, also have documented
advantages of using Ct values (available from RT-PCR assays)
of COVID-19 positive samples in decision-making regarding
infectiousness of the cases.?” Correlation between successful
isolation of virus in cell culture and Ct value of quantitative
RT-PCR targeting E gene suggested that COVID-19 patients
with Ct above 33-34 (using RT-PCR system) are not
contagious and thus can be discharged from hospital care or
strict confinement for nonhospitalized patients. It was also
revealed that patients with Ct values equal or above 34 do not
excrete infectious viral particles.

Inahospital-based study with 76 patients of COVID-19 (RT-PCR
confirmed), 61% of individuals were classified as mild cases
and 39% were classified as severe cases.?” The mean viral load
of severe cases was around 60 times higher than that of mild
cases. It was also observed that the Ct values of severe cases
remained significantly lower for the first 12 days after onset
than those of corresponding mild cases. Mild cases were found
to have an early viral clearance, with 90% of these patients
repeatedly testing negative on RT-PCR by day 10 post onset.
By contrast, all severe cases still tested positive at or beyond
day 10 postonset. Overall, the data indicated that patients with
severe COVID-19 tend to have a high viral load and a long
virus-shedding period. This finding suggests that the viral load
of SARS-CoV-2 might be a useful marker for assessing disease
severity and prognosis.

In another hospital-based study in China, where the levels
of COVID-19 viral load were indicated by the Ct values
of RT-PCR assay, it was observed that the Ct values of
RT-PCR assays negatively correlated with the probability
of progression to severe type of disease in all the patients
representing mild-to-moderate severity at admission.?!! It was
also observed that the viral load of the sputum specimen in the
lower respiratory tract tested at baseline is closely related to
the severity of COVID-19. More importantly, patients with a
higher baseline viral load were more likely to become severely

Table 1: Secondary cases infected from primary / index case with high viral load

High viral load Low viral load
Primary/Index (7=8) Secondary cases (n=50) Primarylndex (n=11) Secondary cases (7=9)
Secondary cases per each primary case 6.25 0.8
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ill. Findings of these studies support the view of this present
study of categorization of viral load using Ct value RT-PCR.

In the light of the current results, a small proportion, i.e., 7%
had high viral load, while a larger proportion, i.e., 84% had low
viral load. The analysis of secondary cases revealed that virus
transmission from the cases with high viral load was almost
8 times higher than the probability of acquiring the infection
from cases with low viral load (transmissibility of infection
6.25% vs. 0.8% only). This indicates COVID-19-infected cases
with high viral load have the potential of transmitting about
8 times higher number of cases compared to cases with low
viral load, which may be viewed as higher or super spreaders
in the community. Some other studies also had similar
observations (few people spread most as super spreaders
and most people spread few) in diseases such as SARS and
MERS.[216171 Since transmission of viral infection is related
with viral load as observed in other studies,?%1:2-31331 g0 the
present study could support the view of cases with high viral
load are the higher or super-spreader.

Based on the current results, it can be assumed with reasonable
certainty that Ct value is a reliable indicator of infectiousness
which should be routinely used to assess infection transmitting
potential of an individual case and secondly, an infected case
with low viral load indicated by high Ct values above 31 can be
considered as mildly infectious and further higher Ct value is
noninfectious. Similarly, cases with higher viral load indicated
by lower Ct values are more infectious. The risk of getting
infected with COVID-19 is often higher among health-care
workers, probably due to the fact that they spend more time
with high viral cases and increase the risk of being exposed to
COVID-19-positive cases. If Ct values of the positive patients
are routinely communicated to the attending health-care workers,
additional care, and attention may be exercised to reduce the
transmission from such high viral load individuals and lower
the secondary infection among the health-care workers. Future
longitudinal multi-centered studies with larger sample size and
strict contact tracing of various viral load individuals is required
to validate the study observations.

ConcLusion

Findings of the current study have potentially far reaching
implications in strategic decision in the community management
of COVID-19 cases and reducing the transmission. This study
has shown that 84% of the cases have low viral load and
practically will transmit infection to very few of their contacts.
If rest 16% could be identified using Ct value and isolate them
from the infection control point of view, COVID-19 burden
would be potentially reduced subsequently in India. This will
reduce concomitant number of hospitalization and deaths,
with efficient utilization of hospital services. More clinical,
laboratory and mathematical modeling are needed for further
understanding towards this.
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