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Proactive prediction of the epidemiologic dynamics 
of viral diseases and outbreaks of the type of COV-
ID-19 has remained a difficult pursuit for scientists, 
public health researchers, and policymakers. It is un-
clear whether RT-PCR Cycle Threshold (Ct) values of 
COVID-19 - or any other virus - as indicator of viral 
load, could represent a possible predictor for underly-
ing epidemiologic changes on a population level. The 
study objective is thus to investigate whether popula-
tion-wide changes in SARS-CoV-2 RT-PCR Ct values 
over time are associated with the daily fraction of pos-
itive COVID-19 tests. In addition, this study analyses 
the factors that could influence RT-PCR Ct values.
A retrospective cross-sectional study was conduct-
ed on 63,879 patients from May 4, 2020 to September 
30, 2020, in all COVID-19 facilities in the Kingdom of 
Bahrain. Data collected included number of tests and 
newly diagnosed cases, as well as Ct values, age, sex 
nationality, and symptomatic status.
Ct values were found to be negatively and very weak-
ly correlated with the fraction of daily positive tests in 

SUMMARY

the population r = -0.06 (CI 95%: -0.06; -0.05; p=0.001). 
The R-squared for the regression model (adjusting for 
age and number of daily tests) showed an accuracy of 
45.3%. Ct Values showed an association with nation-
ality (p=0.012). After the stratification, the association 
between Ct values and the fraction of daily positive 
cases was only maintained for the female sex and Bah-
raini-nationality. Symptomatic presentation was sig-
nificantly associated with lower Ct values (higher viral 
loads). Ct values do not show any correlation with age 
(p=0.333) or sex (p=0.522). 
We report one of the first and largest studies to inves-
tigate the epidemiologic associations of Ct values with 
COVID-19. Although changes in Ct values showed a 
moderate association with daily cases, our results in-
dicate that it may not be as predictive within a sim-
ple model. More population studies and models from 
global cohorts are necessary.
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n INTRODUCTION

Coronavirus Disease 2019 (COVID-19) has rav-
aged the world over a short period of time. 

When discussing the epidemiology of a virus, a 

thorough understanding of its transmission is nec-
essary. SARS-CoV-2, the causative agent of COV-
ID-19, primary mode of transmission is through 
respiratory droplets and direct or indirect contact 
routes [1]. Indirect contact through fomites may 
also be a source of infection when transferred 
from surfaces that have been contaminated with 
infected droplets, to the mouth, nose, or eyes. Al-
though the epidemiology of SARS-CoV-2 doesn’t 
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support airborne transmission in public settings, 
an increasing number of publications are pointing 
to such route. The exact role of asymptomatic and 
pre-symptomatic transmission in the COVID-19 
outbreak is not fully comprehended as of yet, but 
is believed to have an important contribution to 
the viruses’ rapid spread. SARS-CoV-2 RNA may 
be detected 1-3 days prior to symptom onset. The 
viral load is highest around the day of symptom 
onset, followed by a gradual decline over time. 
RT-PCR positivity may last for 1-2 weeks in the 
case of asymptomatic patients, and up to 3 weeks 
for those with mild to moderate disease [2]. 
It is important to differentiate between viral load 
and infectious dose, and the inter-related implica-
tions of both. The infectious dose of a virus is the 
dose at which if a person is exposed to it would be 
sufficient to cause an infection. On the other hand, 
viral load is the amount of virus particles that the 
infected patient carries in their system. The higher 
the viral load of a patient, the more virus is shed, 
which therefore leads to a higher chance of others 
being exposed to the infectious dose needed to ac-
quire the disease. As with viruses in general, the 
viral load of COVID-19 patient can be deduced 
from the Cycle threshold (Ct) value of the RT-
PCR test conducted on the obtained sample. The 
RT-PCR test amplifies the viral RNA from the pa-
tient’s sample until it is at a detectable concentra-
tion that exceeds the threshold value. The number 
of cycles necessary for that to take place is known 
as the Ct value. Thus, the lower the Ct value of a 
patient’s sample, the higher the viral load, where-
as the higher it is the lower the viral load [3]. Ac-
cording to one study, patients with severe symp-
toms presented with 60 times higher viral load 
and prolonged viral shedding than patients with 
mild symptoms, which may indicate a role for 
viral load not only in diagnosis, but rather prog-
nosis and transmission/contagiousness. Studies 
showed that lower Ct values were associated with 
a higher probability of a positive viral culture. In 
one study, infectivity (defined as growth in cell 
culture) was significantly reduced when RT-PCR 
Ct values were over 24 [4]. On the other hand, 
La Scola et al. (2020) have reported that patients 
with Ct values ≥34 are non-infectious and can be 
discharged from hospitals or care centers [5]. The 
implications of Ct values or viral load, if any, on 
the collective population from an epidemiologic 
perspective has not been adequately studied yet. 

Proactive forecasting of the disease’s epidemiol-
ogy has remained a distant desire and puzzling 
enigma for scientists, public health researchers, 
and policymakers. Unlike previous outbreaks, the 
impact of the COVID-19 pandemic has transcend-
ed the medical and clinical setting, bringing forth 
major global disruption to public life in the social 
and professional settings, as well as serious eco-
nomic repercussions on national and global lev-
els [6]. Countries’ deployment of their health re-
sources and response preparedness has also been 
a source of concern, due to the unexpected nature 
and trajectorial development of the pandemic [7]. 
For these reasons, the prediction or forecasting of 
an upcoming surge in COVID-19 cases is an im-
portant item on the agenda of the scientific com-
munity and decision-makers. The daily number 
of positive cases on a global level has been widely 
variable. Forecasting attempts have been utilized 
to a fair degree of accuracy so far. The US Centers 
for Disease Control and Prevention (CDC) pub-
lishes multiple forecasts modelled by independ-
ent institutions, predicting the daily number of 
new cases in the USA. The models use a variety of 
data types besides those directly related to COV-
ID-19, including demographic and mobility data, 
as well as different methods and estimates of the 
impact of public health interventions/policies 
and how these levels of precautions will change 
[8]. The previous forecasts when compared to ac-
tual data do fairly well in terms of general trend 
and values to be expected [9]. However; the mul-
tivariable models are fairly complex and may not 
be readily available for use in other countries.
Therefore, this study objective is to investigate 
whether population-wide changes in SARS-CoV-2 
RT-PCR Ct values over time, are associated with 
the number of new COVID-19 cases in the future, 
as a pilot study to the development of an epide-
miologic model. Our hypothesis is based on that 
higher viral load indicates increased viral shed-
ding, increased risk of exposure to an infectious 
dose, and thus a higher degree of transmissibility. 
Hence, a decrease in Ct value could predict an in-
crease or a surge in the number of positive cases. 
In order to develop a predictive model, other ep-
idemiological factors that may be associated with 
Ct values, and thus must be fed into the mod-
el, were also investigated. The ability to predict 
population changes in the number of COVID-19 
positive cases ahead of time using a widely avail-
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able and simple metric can be very helpful. Public 
health measures and policies can be proactively 
tailored to control and manage the outbreak in an 
informed and prophylactic manner.

n PATIENTS AND METHODS

Study population & data collection
A retrospective study was conducted on 63,879 
patients from May 4, 2020 to September 30, 2020, 
in all COVID-19 facilities in the Kingdom of Bah-
rain. Data on the number of tests and newly di-
agnosed cases were obtained from the National 
COVID-19 Task force’s centralized database. Data 
collected included age, sex, nationality, sympto-
matic status. Ct Values from newly diagnosed 
cases in this time period were obtained from the 
corresponding medical records.

Diagnosis and SARS-Cov-2 RNA amplification
All cases were diagnosed as COVID-19 based on 
RT-PCR tests of nasopharyngeal samples. The na-
sopharyngeal samples were transferred to a viral 
transport media immediately after collection and 
transported to a COVID-19 laboratory for testing. 
Diagnosed cases were a heterogeneous sample of 
tested patients, including symptomatic individ-
uals, close contacts, travelers, healthcare worker 
screening, and random population testing. The 
RT-PCR tests were conducted using different kits: 
Thermo Fisher Scientific (Waltham, MA) TaqPath 
1-Step RT-qPCR Master Mix, CG (catalog num-
ber A15299), SuperScript™ III Platinum™ One-
Step qRT-PCR Kit (catalog number 11732020), 
LightMix1 Modular SARS-CoV (COVID-19) (TIB 
MOLBIOL, Berlin, Germany). The RT-PCR was 
conducted on the Applied Biosystems (Foster 
City, CA) 7500 Fast Dx RealTime PCR Instrument, 
LightCycler® 480 Instrument II (Roche Molecular 
Systems, Inc). The assay used targeted the E gene. 
If positive, the sample was confirmed by RdRP 
and N genes. The E gene Ct value was reported 
and used in this study. Ct Values >40 were con-
sidered negative.

RT-qPCR analytical validation
Positive and negative controls were included for 
quality control purposes. Linear range was de-
termined using serial log10 dilutions of standard 
RNA and was established between 3·5 x 103 to 
3·5x1012 copies of RNA/mL, with amplification 

efficiency of 87% and with a regression R2 value 
higher than 0.99.

Data handling and statistical analysis
Statistical analyses were performed using SPSS 
25.0 (SPSS, Inc., Chicago, IL, USA). The sample 
size was not calculated as this was a pilot study. 
Mean and standard deviation (SD) for all varia-
bles were given as descriptive statistics. Continu-
ous variables were calculated between groups by 
means and SDs and frequencies. Categorical var-
iables were reported as frequencies and percent-
ages. The data was grouped into a daily set con-
sisting of 150 days, and a weekly set, consisting of 
21 equal weeks starting on May 4th and ending on 
September 27th. 
According to the Kolmogorov-Smirnov normal-
ity test, all variables were normally distributed. 
The main endpoint was assessed with the Pear-
son’s correlation analysis, subsequently stratified 
for sex and nationality. Linear regression analysis 
was applied in order to identify the best predic-
tion model for identify the new daily cases, in-
cluding as regressors, Ct values, new daily tests 
and age. 

Ethics Approval
The study was approved by the National COV-
ID-19 Research and ethics committee, code num-
ber: CRT-COVID2020-082. 

n RESULTS

Characteristics of the study population
The total number of positive cases identified 
between May 4, 2020 and September 30, 2020 
(5-month period) was 63,879. Mean age of the 
individuals was 34.02 years (± 16.403), with a 
male-majority (67.24%, n=42953). Bahrainis rep-
resented majority of the cohort (53.68%). Only 
35.25% (n = 22,519) of the cohort was symptomat-
ic. The mean number of tests conducted per day 
was 9140 tests (± 1860), while the mean number 
of newly diagnosed cases per day was 493 (± 142). 
Mean proportion of positive tests was therefore 
5.43% (± 1.29). The mean Ct values of the popu-
lation is 25.49 (95% CI: 25.45 - 25.52). Minimum 
recorded Ct value was 10.16, while the maximum 
was 40.38. The weighted mean Ct value in the 25th 
percentile was 22, and 28.89 in the 75th percentile. 
Table 1 summarizes the sample characteristics.
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Primary endpoint: relationship between Ct values  
and percentage of positive tests
Analysis of the association between Ct values and 
ratio of new daily cases to daily tests (percentage 
of positive tests), reveals a significant correlation 
coefficient of -0.06 (95% CI: -0.06 to -0.05, p<0.001) 
(Figure 1). 
When plotting standardized weekly mean Ct val-
ues against the mean weekly proportion of posi-
tive tests, a 1-week lead on positive tests (taking 
into consideration incubation periods) appeared 
most significantly correlated with Mean Ct (Figure 
2). This as opposed to no lead or having a 2-week 
lead. In other words, a decrease in mean Ct values 
in one week, was best correlated with an increase 
in cases 1-week forward from that point in time.

Factors affecting Ct value
Analysis of the association between Ct values and 
patients’ age returned a non-significant Pearson 
correlation (r=0.00, p=0.455) (Figure 3). Nationali-
ty was found to be significantly associated with Ct 
value as illustrated in Figure 4a. Bahraini nation-
als had significantly higher mean Ct values than 
their non-Bahraini/expat counterparts (25.53 vs. 
25.44, p=0.014). As for sex, no association was 
found with Ct values (Figure 4b). However, males 
did report a lower Ct value on average compared 
to females (25.48 vs. 25.510, p=0.522). Finally, 
symptomatic status was found to be significantly 
associated with lower Ct values (p=0.001), when 
compared to asymptomatic status (24.93 vs. 25.79) 
(Figure 5).

Table 1 - General characteristics of the sample popu-
lation.

Variable Frequency Mean±SD

Total sample 63879

Age 34.02 years (±16.403)

Sex
Female (32.8%) (20,926)

Male (67.2%) (42953)

Nationality
Bahraini (53.7%)
Expats (46.3%)

Symptoms
No 65% (41,360)
Yes 35% (22519)

CT Values 25.49 (±4.51)

Number of 
daily tests

9140 tests (±1860)

Daily cases 493 (±142)
Figure 1 - Pearson’s correlation between Ct values and 
percentage of positive tests.

Figure 2 - Standardized Z-score of weekly mean Ct val-
ues and percentage of positive tests with 1-week lead. 

Figure 3 - Effect of age on Ct values. 
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Predictive model parameter identification
A regression model on association between Ct 
values (predictor) and new daily cases (out-
come) was also conducted (Table 2, Figure 1). 
The covariates included age and daily tests. 
Pearson’s correlation returned a strong r value 
of 0.673, and an r2 of 0.453. The model’s level 
of prediction was 45.3%. Table 2 shows the re-
gression model, where Ct value had a signifi-
cant negative correlation with new daily cases 
(coef=-1.82, p<0.001). Daily tests were positive-
ly correlated with daily new cases (coef=0.05, 
p<0.001). Age was not found to be associated 
with new daily cases. 

Figure 4b - Effect of sex on Ct values.Figure 4a - Effect of nationality on Ct values.

Figure 5 - Mean Ct values 
of symptomatic versus 
asymptomatic patients.

Development of the predictive model
Based on the linear regression analysis, the equa-
tion for the prediction of the new daily cases is: 
New Daily Cases=65.88+ (-1.81 x Mean Ct Value) 
+ (0.05 x Mean Daily Tests)
When analyzing the relationship between Ct val-
ues and ratio of positive tests while stratifying 
for nationality, the significance of the correlation 
varies. A negative correlation was found between 
Bahraini cases (p=0.001) only. Additionally, when 
stratifying for sex, the relationship was found 
to be negative and significant in females (r=-0.1, 
p=0.001), but lower and non-significant in men 
(r=-0.03, p=0.459) (see also Figure 6, 7a and 7b). 
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n DISCUSSION

The correlation between RT-PCR Ct values in an 
infected sample of the population and a change 
in the overall number of positive cases over time, 
has not been reported in the literature to date. In 
this study, Ct values were used as an indicator of 
viral load and transmissibility. Considering that 
positive cases with low Ct values have a higher 

viral load than cases with high Ct values, and 
that a higher viral load leads to an increase in vi-
ral shedding and thus contagiousness in a pop-
ulation, it is reasonable to expect that a decrease 
in population Ct values would correlate with a 
surge in cases. 
According to our findings, as hypothesized, RT-
PCR Ct values seemed to be negatively correlated 
with the number of daily cases. In other words, 

Figure 6 - Effect of na-
tionality and sex on the 
relationship between Ct 
values and percentage 
of positive tests.

Table 2 - Regression model on the association between Ct values and new daily cases. Model adjusted for regres-
sors: Age, New Daily tests. 

95% Confidence Interval

Predictor Estimate Lower Upper p

Intercept 65.88393 59.47637 72.29150 0.000001

CT Value -1.81932 -1.98857 -1.65007 0.000001

Daily Tests 0.05160 0.05117 0.05202 0.000001

Age 0.02363 -0.02407 0.07133 0.33153
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the lower the Ct value, the higher the fraction of 
new positive tests in the population. Similarly, a 
recent population-based study (pre-print) from 
Massachusetts, USA, has identified a relation-
ship between the population-level cross-sectional 
distribution of Ct values and the growth rate of 
the epidemic. The data was used to successfully 
develop an accurate inference model of the out-
break’s trajectory [10]. A surveillance study from 
Italy has also reported a significant increase in Ct 
values over three different consecutive epidemic 
periods, indicating a possible association with un-
derlying epidemiologic dynamics [11]. Consider-
ing evidence showing that every 1-unit increase 
in Ct values demonstrates a 0.64 odds ratio for 

positive viral culture (95% CI; 0.49-0.84; P<.001), 
it would be reasonable to infer that the association 
of lower Ct with a surge in cases is driven by in-
creased viral infectivity in the population. In sup-
port of this hypothesis, one study from Singapore 
found that surface contamination from admitted 
patients declined with increasing Ct values and 
duration of illness. No correlation however was 
found between Ct values of clinical samples and 
Ct values of environmental samples across days 
of illness [12, 13]. 
Upon stratification by demographic factors, the 
association between lower Ct values and increase 
in fraction of positive tests remains the case for all 
ages, females, and Bahraini-nationality, but does 
not apply to Males and Non-Bahraini nationali-
ties in our cohort. Possible justifications for these 
observations are multi-factorial. First, regarding 
Ct values not being correlated with proportion 
of positive tests in non-Bahrainis, this may be 
attributed to the unique characteristics and con-
founders of this sub-group and the associated 
targeted public health measures. The large major-
ity of non-Bahrainis in our cohort are composed 
of migrant workers. A number of observations 
were made early on in the outbreak that made 
this sub-group stand out, keeping in mind the 
often-characteristic background of a lower soci-
oeconomic status. Notably, it was observed that 
the symptom threshold at which this sub-group 
would present to the healthcare services was 
much higher than the Bahraini subgroup. Fur-

Figure 7b - Relationship 
between Ct values (ad-
justed for percent of 
new cases) throughout 
study period.

Figure 7a - Mean Ct values from week 18 to week 40. 
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thermore, living areas of migrant workers where 
targeted for COVID-19 screening, often finding 
whole buildings of positive cases; this may have 
also been a major contributing factor to the sta-
tistically significant higher prevalence of low Ct 
values in this subgroup. Keeping both of these 
unique observations in mind, the identification 
of a correlation via comparison of changes in Ct 
values and number of cases may have been dilut-
ed by the skewed homogenous nature of this sub-
group. Furthermore, this subgroup was exposed 
to unique and intensive public health campaigns 
that attempted to reduce the household cluttering 
of migrant workers and provide health education 
and awareness. This was largely effective, ap-
proaching a standardized state between Bahraini 
and non-Bahraini subgroups towards the end of 
the study period (which may explain the clearer 
negative correlation between Ct values and pro-
portion of positive tests towards the second half 
of the study period as visually shown in Figure 
2). As such, it is clear from our observations that 
the non-Bahraini subgroup presents with unique, 
multifactorial confounders and potential factors 
that may have affected and differentiated the as-
sociation between Ct value and number of cases. 
In fact, biologic and genetic/epigenetic factors 
may have also been at play. 
As for the finding regarding the male sex not be-
ing associated with Ct value and number of cases, 
this may be attributed to several possibilities. The 
first, and most likely, is that the large majority of 
non-Bahraini migrant workers were male, which 
bring us back to the confounders associated with 
this subgroup. Other possibilities may be related 
to the social and health behaviors of males, and 
to biological differences. The mechanism of such 
factors and how they may be related, if at all, re-
mains unclear. More studies in different cohorts 
while accounting for confounders may help de-
velop a fuller picture.
It is also important to consider that the mean Ct 
value for the cohort was 25.46±4.69. As such, the 
Ct values remained largely stable, with no statis-
tically significant weekly changes over the time 
period, despite changes in number of new daily 
cases. Meticulous contact tracing, testing, and 
quarantining may have contributed to maintain-
ing the Ct values in the middle, with the majori-
ty being between Ct 20 and 30. The lack of major 
changes may have not allowed us to view all as-

sociations between Ct values and positive cases 
to the extent to which they may be intertwined 
in reality, which may have surfaced at a specific 
threshold or degree of difference. On the other 
hand, it is also important to consider that the time 
between testing and acquiring of infection varies 
among individuals. Therefore, a patient may have 
acquired a COVID-19 infection during a period of 
low Ct values in the population clusters, but was 
only tested positive a while after, when the corre-
sponding Ct values had increased.
As for the other findings in our study, the report-
ed male to female sex ratio was 2.05:1. This ratio 
is much higher than the ratio of 1.03:1, report-
ed by the WHO’s global case-based surveillance 
system [14]. This is mainly due the fact that the 
47% of infected cases during the studied period 
were Non-Bahraini, with majority of whom be-
long to labor camps, which have a male majori-
ty. Moreover, this may also be driven by cultural 
norms, with males more likely to socially mix 
outdoors and thus be infected. This may also be 
related to the higher percentage of males in the 
population (62.6%), with a male to female ratio 
of 1.67:1 [15].
Of the cohort, only 35.25% were symptomatic, 
with 64.75% presenting asymptomatically, one of 
the highest asymptomatic rates reported in liter-
ature to date [16]. The symptom status for these 
cases was documented upon testing and upon 
triage; hence a subset of the asymptomatic cases 
might be further classified as pre-symptomatic. 
The prevalence of asymptomatic patients is very 
difficult to assert, a meta-analysis of 50,155 cases 
from 41 studies suggests that it may account for 
15.6% (95% CI, 10.1%-23.0%) of SARS-CoV-2 infec-
tions [16]. The prevalence reported in our cohort 
may be higher for a number of reasons, including 
more open screening policies and comprehensive 
contact tracing. It may also be associated with 
other factors inherent to cohort characteristics, 
such as age (which is on the low-end of reported 
means) and comorbidities [17]. It is worth noting 
that our study found a correlation between lower 
Ct values and symptomatic presentation, howev-
er the mean Ct value difference between symp-
tomatic and asymptomatic was 0.86 which may 
not be a clinically significant difference. It may be 
suggested that a higher asymptomatic prevalence 
could be indicative of more well-controlled isola-
tion measures leading to a lower viral transmis-
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sion in the population. It must be noted however 
that since this is a cross-sectional study of a spe-
cific point in time, that some of the cases may be 
pre-symptomatic rather asymptomatic. Regard-
less, the prevalence would still be higher than that 
reported in other cohorts [16]. Furthermore, high-
er Ct values being correlated with asymptomatic 
presentations may be attributed to a pathophysi-
ologic mechanism whereas a lower viral load may 
decrease or dampen the symptomatic presenta-
tion of said infected patient. It is important to also 
consider however that asymptomatic individuals 
may have had higher Ct values due to being iden-
tified at a later time since infection compared to 
symptomatic individuals. It has been reported 
that Ct values increases over illness duration [18]. 
Although lower Ct values indicate a higher viral 
load and thus increased infectiousness, which 
would be expected to be associated with a surge in 
cases as was shown in our data, it is important to 
consider the confounding nature of symptomatic 
status. For one, asymptomatic status can lead to 
increased transmission compared to symptomat-
ic, because symptomatic individuals are able to 
identify themselves self-isolate and get tested as 
soon as possible. Since asymptomatic cases also 
had statistically significant higher Ct values ac-
cording to our findings, it is important to consid-
er that the association between Ct values and in-
fectivity on a population scale may be even more 
significant than reported. Furthermore, all COV-
ID-19 cases had their Ct values reported to the 
COVID-19 taskforce. Therefore, those with lower 
Ct values might have had more aggressive tracing 
and management, which can indirectly contribute 
to lowering infectivity from that individual. 

Clinical and public health implications
Change in COVID-19 cases is largely multifacto-
rial, affected by a number of factors that include 
testing policies, public health measures, popu-
lation behavior and compliance, religious/cul-
tural events/holidays, reopening strategies and 
viral factors [19]. For these reasons, Ct values 
alone may not be useful in predicting a change 
in COVID-19 cases, despite our study showcasing 
a moderate association between these variables. 
However, they may still be of benefit as part of 
a multivariable model: especially one that takes 
into consideration individual characteristics (e.g. 
symptomatic status, demographic conditions) as 

related to individual behavior, and population 
characteristics (e.g. public health policies) as re-
lated to population behavior (e.g. compliance to 
regulations). 
Regardless, whether these findings would be clin-
ically relevant is debatable. This reaffirms that 
disease progression is multifactorial. However, 
it may be more useful as a metric to use as part 
of a more diverse tool. Additionally, since health-
care professionals interact with infected patients, 
extra precautions may be justified in the case of 
patients with lower Ct values, as they would shed 
more virus particles and are more likely to be 
more infectious [20]. Additionally, this may help 
with deciding which patients are better isolated 
or placed in negative pressure rooms. The main 
applications of Ct values however would be best 
concentrated as epidemiologic/public health and 
forecasting efforts.
From a public health perspective, knowing that 
average viral loads may be associated with surge 
in cases and with a more symptomatic presenta-
tion, supports the importance of decreasing viral 
exposure and the gradual nature of infection. This 
is in contrast to adopting an “all-or-none” attitude 
of completely eliminating potential exposure. For 
example, this would translate to emphasizing that 
the more socially distanced people are, the lower 
the chance of acquiring COVID-19, as opposed 
to 6-feet social distancing being reiterated. This 
may especially be of importance in public cam-
paigns, reinforcing the importance of maximizing 
distance and minimizing contact and interaction, 
rather than only reiterating specific instructions 
for what should and should not be done to avoid 
contacting COVID-19. 

Limitations
Despite this being one of the largest cohorts on 
COVID-19 in the region, and the largest to in-
vestigate Ct values in relation to case trajectory, 
the limitations are important to be addressed. To 
begin with, although this is a multi-center analy-
sis, it remains a national one in a small country. 
National public health measures and screening 
policies differ from one place to the other, which 
necessitates the need for a global cohort when in-
vestigating the macro-behaviors and characteris-
tics of COVID-19. The Ct values as reported in our 
study have been fairly stable throughout the five-
month period from a statistical standpoint, which 
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Time from symptom onset is also an important 
variable that could be a confounding factor, how-
ever the data on it was difficult to collect. Other 
confounding variables influencing both Ct values 
and newly identified cases were difficult to com-
pletely account for in the analysis.
In conclusion, the spread of a viral disease of the 
like of COVID-19 in a population is multifactorial. 
Public health measures, testing protocols, popu-
lation compliance, and viral factors all play a role 
in the degree of transmission, rate of positive cas-
es, and epidemiologic trajectory. Understanding 
the correlations of a simple, commonly availa-
ble measure like Ct values with epidemiologic 
variables and patient demographics may pave 
the road for the development of tools to forecast 
a pandemic’s behavior. Our first-of-its-kind and 
largest-to-date retrospective multicenter national 
study points towards a possible correlation be-
tween Ct values and the ratio of positive tests in 
a population. Additionally, symptomatic status 
was associated with a lower Ct value. This reaf-
firms the need to develop multivariable models 
to forecast viral pandemics, possibly including 
Ct values. Similar studies of a large magnitude in 
different countries may be able to shed more light 
on this topic.
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