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Background: COVID-19 global pandemic is an unprecedented health emergency. Rapid identification and
isolation of infected individuals is crucial. Qatar’s National Health Strategic Command Group adopted a
cut off 30 for Ct value of RT-PCR result of a positive case to decide on duration of isolation and quarantine
period for their close contacts.

Aim: To test if Ct value cut off 30 reflects on the infectivity potential among close contacts.

Keywords: Methodology: All positive cases reported during July’ 2020 whose contacts had been traced and swabbed
Cycle threshold value df datab i ; l identifi 1 defined bod

Ct value were extracted from database after removing personal identifiers. Close-contact was defined as anybody
RT-PCR who has been within 2 m distance of a confirmed positive case for 15 min or more, without any personal
Infectivity protection equipment. Descriptive analysis was done and test of significance of difference in positivity

among the contacts of those with ct < 30 and >30 was done.
Results: 2308 COVID-19 positive cases were followed up. More than three-quarters had a Ct value < 30,
with a mean Ct value of 24.05(+6.48). On an average 6 contacts were swabbed per case. More than half the
positive cases followed up had at least one secondary case, with median positivity rate 12.5%. A significant
relation was noted between Ct value cut-off 30 and secondary transmission (1.5 times more risk among
those with Ct value < 30). A significant difference was noted in median positivity rate between close
contacts of positive cases with Ct value > 30 or <30.
Conclusion: Further studies combining PCR assays, culture studies and contact tracing are needed to define
which factors can be used to reliably predict the infectious status of patients with COVID-19.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
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Introduction

The COVID-19 global pandemic is an unprecedented health
emergency. Severe acute respiratory syndrome corona virus 2
(SARS-CoV-2) spread rapidly across multiple countries in early
2020 [1-3]. A stable public health control measure for early con-
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tainment of an emerging outbreak of directly transmitted infections
involves early detection and isolation of infected persons as well
as tracing, testing and quarantining of their contacts [2]. Diagno-
sis is made using clinical, laboratory and radiological features. As
symptoms and radiological findings of COVID-19 are non-specific,
a positive test enables the clinicians and public health profession-
als to quickly isolate the patient and prevent spread of the disease.
Real-time reverse transcriptase polymerase chain reaction (r RT-
PCR) has been the main diagnostic tool for SARS-CoV-2 infection
since the early stages of the COVID-19 pandemic and the presence
of viral RNA confirms SARS CoV2. There is a fluorescence signal in
the test which increases proportional to the amount of amplified
nucleic acid enabling accurate quantification of RNA in the sample.
The cycle threshold or Ct value of a RT-PCR reaction is the num-
ber of cycles at which fluorescence of the PCR product is detectable
over and above the background signal. Many PCR assays use 40 as
cut off for Ct value to consider the test positive, allowing detection
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of even very few starting RNA molecules [4]. Theoretically, the Ct
value is inversely proportional to the amount of genetic material
(RNA) in the starting sample and lower Ct values generally corre-
late with high viral load.# The Ct value is inversely related to the
viral load and about every 3.3 increase in Ct value reflects a 10-fold
reduction in starting RNA molecules.

A positive PCR result or detection of viral RNA does not nec-
essarily mean that a person is infectious and able to transmit
the virus to another person. Factors that determine transmis-
sion risk include whether a virus is still replication competent,
whether the infected person has symptoms like cough which can
spread infectious droplets as well as the behavioral and envi-
ronmental factors associated with the infected individual. Some
researchers/clinicians assume that high viral load directly corre-
lates with increased infectiousness and severity of disease [5,6].
There are no reliable studies to definitively prove a direct correla-
tion between disease severity/infectiousness and Ct values. There
are limited studies demonstrating correlation between viral load in
respiratory samples and infectivity. The ability of the virus to repli-
cate in cultured cells can serve as surrogate marker of infectivity
but may not be as sensitive as PCR [7-9]. Bullard et al. assessed
the correlation of real time PCR cycle threshold value (ct) with the
growth of SARS CoV2 in cell culture. The data suggest that SARS
CoV 2 infectivity was reduced when the Ct value was >24 and that
for every single unit increase in Ct value the odds ratio for recov-
ering the virus in cell culture decreased by 32% [8]. La Scola et al.
assessed this correlation between isolation of SARS CoV 2 in cell
culture with real time PCR Ct values and found significant relation-
ship between Ct values and culture positivity rate. Samples with
Ct values between 13-17 all led to positive culture. A PCR Ct value
>24 showed a strong correlation with reduced recovery of the virus
in cell culture. The culture positivity declined with increasing PCR
Ct values to reach 12% at Ct value 33 and SARS CoV-2 could not be
isolated from any sample with PCR Ct value >34. Based on this they
deduced that patients with Ct values > 34 do not excrete infectious
viral particles [9].

Hypothesis

Based on the revised cut off for Ct value 30 adopted by the
NHSCG there should be difference in the individual level transmis-
sion of infection to his/her close contacts from a positive case whose
Ct value is above or below 30.

Significance for public health/ Rationale of study

A stable public health control measure for early containment of
an emerging outbreak of directly transmitted infections involves
early detection and isolation of infected persons as well as tracing,
testing and quarantining of their contacts. The National laboratory
in Qatar under Hamad Medical Corporation (HMC), considering
significant local and international evidence has adopted a cut off
value of Ct 30 for reporting RT-PCR results in addition to the cur-
rently reported positive result. The latest guidelines by the National
Health Strategic Command Group (NHSCG) dated 19th June 2020
state that any person who is positive for COVID 19 on RT-PCR is
considered infectious if the Ct value is <30 and will be admitted
to an isolation facility and needs to be quarantined for 14 days
[10]. Whereas for those asymptomatic positive cases who have a
Ct value >30 are considered non-infectious and will only be home
isolated for 7 days after which they are considered fit to rejoin
the work and interact with the general community assuming that
there is no risk of transmission from them. If this cut off value is
used for deciding the isolation criteria, fitness to rejoin work and
resume normal social activities, then it should reflect in the infec-

Journal of Infection and Public Health 14 (2021) 1201-1205

tivity potential (the number of contacts who contract the infection
from the positive case) too.

Impact of the study

If found to be significant, the contact tracing criteria may be
revised ie do contact tracing only for those with Ct value < 30.

Study objective

To study the individual level transmission of infection from
COVID 19 positive case to his/ her close contacts (positivity rate
among the contacts) with PCR ct< 30 and >30 and assess if this
difference is significant.

Methodology
Study design

Descriptive cross-sectional study.
Study setting

Swabs taken from upper and lower respiratory samples are
tested at the national laboratory under Hamad Medical Corporation
(HMC) using RT-PCR. The PCR assays used during the time of study
were Roche cobas® 6800 system using the cobas® SARS-CoV-2 Test
(Roche, Switzerland), Xpert® Xpress SARS-CoV-2 (Cepheid, USA);
and TagPath™ PCR COVID-19 Combo Kit (Thermo Fisher Scientific,
USA) performed on ABI 7500 thermal cyclers (Thermo Fisher Sci-
entific, USA) following sample extraction using EZ1 (QIAGEN, USA)
and QIAsymphony (QIAGEN, USA); which were sensitive enough to
pick up the COVID 19 variants of concern (VOC) circulating those
days (B.1 B.1.428 B1.1.75).

The COVID-19 track and trace team under HP-CDC in MOPH,
then traces, tests and isolates the close contacts of the COVID-19
positive cases.

Study population

All COVID 19 positive persons residing in Qatar irrespective of
their nationality or gender or age or possessing residence permit
or not, detected during July 2020 and the contacts of whom were
traced and swabbed by the COVID-19 track and trace team.

Inclusion/ exclusion criteria

All the positive cases reported during the month of July and
residing in Qatar were included; since the national testing labora-
tory started publishing the Ct values along with the positive results
from 14th June 2020 and only a single Ct value from 28th June 2020
[11].

Operational definition of close contact

Anybody who has been within 2 m of distance of a confirmed
positive case for 15 or more minutes, without any personal protec-
tion equipment, within two weeks of identification of the positive
case, has been used for defining a close contact by the COVID-19
track and trace team in Qatar.

Sample size and sampling technique
This was the first of its kind research relating Ct value with

contact tracing or positivity among contacts, and therefore no for-
mal sample size could be computed. Hence all the positive cases
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Table 1
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Secondary transmission among the close contacts of positive cases with Ct value < 30 vs >30.

Ct value of RT-PCR of index positive case

Secondary transmission Total

No secondary cases

At least one secondary case

Ct<30 675 1088 1763
Ct>30 327 218 545
Total 1002 1306 2308
Pearson chi-square = 79.894 (p < 0.001); odds ratio = 1.543 (1.383-1.721).
Table 2
Positivity rate among the close contacts of positive cases with Ct value < 30 vs >30.
Ct value of PCR test of positive case N Median Std. deviation Std. error mean
Positivity rate among CT>30 545 16.42 26.05 1.12
close contacts CT<30 1758 31.06 34.43 0.82

t=-9.144; df 2301, p < 0.001.

Table 3

Secondary transmission among the close contacts of positive cases with/without symptoms.

Secondary_transmission Total
No secondary cases At least one secondary case
Symptoms Yes 725 939 1664
ymp No 277 367 644
Total 1002 1306 2308

Pearson chi-square = 0.059 (p 0.809).

reported between July 1st and July 31st, 2020 who were traced and
swabbed by the COVID-19 track and trace team were included in
the study.

Data collection and management

All the positive cases reported between July 1st and July 31st,
2020, whose contacts had been traced and swabbed were extracted
from the database of the COVID-19 track and trace team after
removing the personal identifiers. Socio-demographic details like
age, gender of the index case; presence/absence of symptoms at
the time of testing; Ct values of the PCR result were collected.
The outcome assessed was the individual-level transmission from
the positive case to his/her close contacts in the different set-
tings (household, work, school, or other), represented as how many
contacts became positive per positive case, expressed in terms of
positivity rate, irrespective of the co-existence of different control
measures across settings.

Data analysis

All Statistical analyses was done using statistical packages SPSS
22.0 (SPSS Inc. Chicago, IL) software. Descriptive analysis of the
study population was done and test of significance in difference
in the positivity among the contacts between the those with ct <
30 and >30, was done using z test for proportions.

Ethical considerations

This study was conducted after approval from the MOPH-IRB.
All data was kept in encrypted password-protected laptops and
stored in locked cabinets at the Principal Investigator’s office at HP-
CDC, MOPH. Only the Principal Investigator and co-investigators
had access to the study data. The data set was anonymous and
personal identifiers were removed. Moreover, there were no fore-
seen risk associated with this study. There was no collection of
bio-specimens for this study per se. There was no issue of subject
withdrawal/ withdrawal of consent as secondary data was used.

Results

A total of 2308 COVID-19 positive cases were followed by the
MOPH Track and Trace team and their close contacts were swabbed
during the month of July 2020. The mean age of the positive cases
followed up was 36.56 years (+13.6) and nearly three quarter
(73.8%) were males. Most (72.1%) were symptomatic at the time
of being confirmed as positive. More than three-quarters (76.4%)
had a Ct value less than 30. The mean Ct value of the study pop-
ulation was found to be 24.05 (+6.48). On an average 6 contacts
were swabbed per case, ranging between none being swabbed to a
maximum of 98 being swabbed for a positive case.

Among the 19,869 close contacts swabbed, 4608 (23.2%) turned
out to be positive for SARS CoV2. More than half (56.6%) of the pos-
itive cases followed up had atleast one secondary case. The median
positivity rate among the close contacts was found to be 12.5%
(ranging 0%-100%).

A significant relation was noted between Ct value cut off 30 and
secondary transmission (p < 0.001) with 1.5 times more risk of sec-
ondary transmission among those with Ct value <30 (Table 1). A
significant (p < 0.001) difference was noted in the median positiv-
ity rate among close contacts of positive cases with Ct value <30
(31.1%) and those with >30 (16.4%) (Table 2).

No significant relationship could be seen between symptoms of
the positive cases and secondary transmission as shown in Table 3
below. No significant difference could be established in median
positivity rates between symptomatic and asymptomatic positive
index cases (Table 4).

Asignificant negative correlation was seen between Ct value and
positivity rate using non-parametric test for correlation (r=-0.163;
p < 0.001). Using ROC analysis (Fig. 1), the cut off was found to be
30.4 for any significant secondary transmission with an area under
the curve of 0.590.

Discussion

Some experts suggest using RT-PCR Ct value or to calculate
viral load which can help refine decision-making (shorter isolation
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Table 4
Positivity rate among the close contacts of positive cases with or without symptoms.
Symptoms N Mean Std. deviation Std. error mean
Positivity rate Yes 1660 27.5098 33.26353 0.81642
No 643 27.8108 33.13562 1.30674
t=-0.195; df 2301, p 0.845.
ROC Curve itself cannot be directly interpreted as viral load without a standard
10 curve using reference materials. Thorough evaluation of the relia-
bility and robustness of the standard curve is the key to accurately
quantify the expected viral copy number. There is wide heterogene-
08 ity and inconsistency of the standard curves calculated from studies
that provided Ct values from serial dilution samples and the esti-
mated viral loads [15,17,18]. An appropriate standard curve with
adequate limit of detection is required for viral load quantifica-
2 067 tion to correctly track the viral titer kinetics. A two-step approach
;E_, using qualitative RT-PCR (for detection) and quantitative RT-PCR
o (for viral load quantification) is highly recommended for studies
& - focusing on viral loads, as clearly presented by Lescure and col-
' leagues [19]. Furthermore, using appropriate quantification units
according to different sample types—ie, copies per 1000 cells (for
respiratory samples), copies per mL (for plasma), and copies per
0.2 g (for stool)—should be followed by clinicians, as outstandingly
shown by Lescure and colleagues [19].
Limitations
00 T T T T
00 0.2 04 0.6 038 1.0 . . .
1 - Specificity The outcome was assessed irrespective of the co-existence of

Diagonal segments are produced by ties.

Fig. 1. ROC curve.

etc.) [12]. However, the evidence is not robust enough to defini-
tively support this assumption. Our study showed that there was
significant relation between Ct value cut off 30 and secondary trans-
mission.

Recent discussions about guiding the clinical decision-making
process based on the Ct values of RT-PCR test reported by labora-
tories has several limitations.> Comparability of Ct values among
different kits is a challenge with different Ct cut-offs, different RNA
extraction techniques, primers and probes used for PCR and dif-
ferent gene targets. Other key consideration when interpreting the
results should be the temperature at which the samples are stored
and transported, systems of sample transport and the time between
sample collection and assay. Therefore, Ct value criteria must be
established by each testing centers/ laboratories [13].

How the sample has been collected, by technical competence
of the person performing the test, calibration of equipment and
pipettes and analytical skills of the interpreters, can also adversely
impact Ct values. Ct values between nasal and oropharyngeal spec-
imens collected from the same individual may differ. Samples from
asymptomatic/mild cases show Ct values like those who develop
severe disease. Patients in early symptomatic stage may show a
high Ct value which may subsequently change.

During the ongoing coronavirus disease 2019 (COVID-19) pan-
demic, monitoring patients infected with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) using viral kinetics or viral
loads in various sample types by real-time RT-PCR has become
essential. However, understanding whether the RT-PCR test results
are interpreted as quantitative, qualitative, or semi-quantitative is
important [ 14]. Unfortunately, several papers on COVID-19 use the
naive Ctvalues from qualitative RT-PCR as a quantitation unit or use
the ACt values with incorrect quantitation unit [15,16]. Quantita-
tive RT-PCR is entirely different from qualitative RT-PCR. Ct value

different control measures across settings. Targeted interventions
such as contact tracing (the manual tracing of acquaintances whom
they have met during a specified period in recent past) needs to con-
sider individual-level variations in transmission. Defining a close
contact is challenging. Close contact of a probable or confirmed case
incudes a person living in the same household as a COVID-19 case;
a person having had direct physical contact with a COVID-19 case
(e.g. shaking hands); a person having unprotected direct contact
with infectious secretions of a COVID-19 case (e.g. being coughed
on, touching used paper tissues). Factors to consider when defin-
ing close contact include proximity, the duration of exposure (e.g.,
longer exposure time likely increases exposure risk), and whether
the exposure was to a person with symptoms (e.g., coughing likely
increases exposure risk). As per Keeling M]J, contact tracing any-
body who has been within 2 m of distance of a confirmed positive
case for 15 or more minutes within two weeks period by the coro-
navirus track and trace system should curb the spread of COVID-19
infection [7]. But this will be at the cost of having to trace and
test many uninfected people [7]. Guidelines from the Centers for
Disease Control and Prevention defines “close contact” as anyone
who has been within 6 feet of a person infected with the virus
for a “prolonged period of time,” as well as those who have had
direct contact with the infected person’s secretions [20]. The effec-
tiveness of contact tracing and the extent of resources required to
implement it successfully will also depend on the social interac-
tions within a population, such as, family meals, parties and other
gatherings involving close contacts [21].

Moreover, transmission from an infected case to his/her close
contacts can be proved conclusively only by doing genomic study.

Conclusion

Our study showed that there was significant relation between
Ctvalue cut off 30 and secondary transmission. Using ROC analysis,
the ideal cut off was found to be 30.4 for any significant secondary
transmission. Some experts suggest using RT-PCR Ct value or to
calculate viral load which can help refine decision-making (shorter
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isolation etc). However, the evidence is not robust enough to defini-
tively support this assumption.

Further studies combining testing using PCR assays, culture
studies and contact tracing are needed to define which factors can
be used to reliably predict the infectious status of patients with
COVID 19.
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